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PREFACE 


This document describes the Processor used in the Multics system. It is 
assumed that the reader is familiar with the overall modular organization of the 
Multics system and with the philosophy of asynchronous operations In addition, 
this manual presents a thorough discussion of virtual memory addressing concepts 
including segmentation and paginge 


The manual is intended for use by system programmers responsible for 
writing software to interface with the special virtual memory hardware and with 
the fault and interrupt portions of the hardwaree It should also prove vajuable 
to programmers who must use machine instructions (particularty language 
<«ranstiator implementors) and to those persons responsible for analyzing crash 
conditions in System Dumpse 
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SECTION I 


INTRODUCTION TO PROCESSOR 


The “Processora described in this reference manual is a hardware module 
designed for use with the MULTiplexed [Information and Computing Service 
(Multics). The many distinctive features and functions of Multics are enhanced 
- by the powerful hardware features of the Processor. The addtessing features, in 
particular, are designed to permit the Multics software to compute retative and 
absolute addresses, locate data and programs in different devices, and retrieve 
such data and program as necessary. 


MULTICS “PROCESSOR“FEATURESA 
The Multics Processor contains the following general features: 


ate Storage protection to place access restrictions on specified segments. 


2e Capability to interrupt a process in execution in response to an 
external signal leeges I/790 termination) at the end of any even/odd 
instruction pair (mid-instruction interrupts are permitted for some 
instructions), to save Processor status, and to ra2store the status at 
@ iater time without loss of continuity of the process. 


Ze Capability to fetcn instruction pairs and to buffer two instructions 
(up to four instructions, depending on certain main store overlap 
conditions) including the one currentiy in execution. 


ue Overlapping “instruction” execut iona, address preparations and 
instruction § fetche While an insfruction is being executed, address 
preparation for the nexf operand {or even the operand foltoning it) or 
the next instruction pair is taking piace. The op2arations unit can be 
executing instruction N$ instruction N¢i1 can be buffered in the 
operations unit (with its operand buffered in a main store port)$ and 
the contro! unif can be executing instructions N¢2 or N43 Cif such 
execution does not invoive the main store port or registers of 
instructions N or Nl), or preparing the address to fetch instructions 
N+& and N#5~6 


Se Capability to detect main store instructions that alter the contents 
of ouffered instructions. Ability to delay preprocessing of an 
address using register modification if the instruction currently in 
-execution changes the register to be used in that sodification. 


6e Intertacing capability to direct main store accesses to the proper 
system controlfier module. 


Te Intermediate storage of address and controi information in high-speed 
registers addressable by content (Associative Memory). 
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Be Intermediate storage of base address and control information in 
pointer registers which are loaded by the executing prograa. 


Se Absolute address computation at execution time. 


QPECTAL CAPABILITIES 


The Processor also includes several unique capabilties, such as hardware 
impiemented segmentation and pagings address modfication, address appending, and 
detection of faults and external interruptse These features are summarized in 
this section and described in detaii respectively in Sections Vy,» VI, and VII-e« 


 “Seamentation~and~Paginga 


A segment is a collection of data or instructions that is assigned a 
symbolic name and addressed symbolicaliy by the user. Paging is at the 
discretion of the sof tware$3 the user need not be aware of the existence of 
pages. User visible address preparation is concerned with the caiculation of a 
segment effective address retative to the origin of the segment} the Processor 
hardware completes address preparation by translating the final segment 
effective address into an absolute main store address. The sser may view each 
of his segments as residing in an independent main store unit. Each segment has 
its own origin which can be addressed as tocation zers. Tne size of each 
segment varies uwuithout affecting the addressing of the ofher segmentse Each 
segment can be addressed iike a conventional main store image starting at 
location zeroe Maximum “segment sized is 2625144 words. 


When viewed from the Processor, main store consists of bfiocks or pages, 
each of which is defined as “page-size™“ words in tengthe (The page size used by 
Mufltics is 1024 words.) Each page begins at an absolute address which is zero 
modulo the page sizee <Any page of a segment can be placed in any available main 
store blocke These pages may be addressed as if they were contiguous even 
though they are in widely scattered absolute locations. Oniy currentiy 
referenced pages need be in main store. If a segment is not paged, the complete 
segment is located in contiguous blocks of main storee In the current Multics 
implementation, ali user segments are paged. 


Address Moditication and Address Appending 


Prior to each main store accesS, two major phases of address preparation 
take piaces 


ie “Address”~modificationd by Register or Indirect Word content, if 


specified by the Instruction Word or Indirect Words 


Ze “Address~appendingds, in which a segment effective address“is 
ftranstated into an absolute address”to access main store. 


Although the above two types of modification are combined in most 
operations, they are described separately in Sections Vand VI. Tne address 
moditication procedure can go on indefinitely, with one fype of modification 
leading to repetitions of the same type or to ofher types of modification prior 
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to a main store access for an operand. However, to simplify the descriptions in 
this manual, each type of address modification is described as if if were the 
tirst (and usually the only) modification prior to a main store accesse 


Eauits and Interruots 


The Processor detects certain illegal procedures; faulty communication with 
the main store; programmed faults; certain external events; and arithmetic 
faults. Many of the Processor fault conditions are. deliberately or 
inadvertentiy caused by the software and do not necessa*ily involve error | 
conditions. . 


Similarity, the Processor communicates with the other system modules by 
setting and answering external interruptse When a fault or interrupt is 
recognized, a trap resulfse This causes the forced execution of a pair of 
instructions in a main store location, unique to the fault o* interrupt, knonn 
as the fault or interrupt vector. The first of the forced instructions may 
cause safe storage of the Processor statuse The second insttuction in a_ fault 
vector should be a transfer, or the faulting program will be resumed without fhe 
fault having been processed. “Faults”and~interruptsad are described in Section 
VIIte 


Interrupts and certain low priority faults are recognized only at specific 
times during the execution of an instruction paire If, at these times, the 
Processor detects the presence of bit 28 in the Instruction Word, the trap is 
inhibited and program execution continuese The interrupt or fault signal is 
saved for future recognition and is reset only when the trap occurse 


PROCESSOR MODES OF OPERATION 


There are three “modes of main store addressingad {Absolute Mode, Apoend 
Modes and BAR Mode), and two modes of instruction execution (Normal Mode and 
Privileged Mode). These modes of operation and fhe functions performed are 
summarized in Table i-1. 


Instruction Modes 


NORMAL MODE 


Most instructions can be executed in the “Normat~Modea of operation. 
Certain instructions, classed as privileged, cannot be executed in Normal Mode. 
These are identified in the individual instruction descriptions. An attempt to 
execute privileged instructions while in the Normal Mode resulfs in an TIilegal 
Procedure Fault. In the Normai Modes various restrictions are indicated in 
Segment Descriptor Words and Page Table Words, which are explained in Section V. 
Address Preparation uses the appending phasee The Processor. executes in Normal 
Mode when the access bits of the Segment Descriptor Word specify a nonorivileged 
procedure. . 
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PRIVILEGED MODE 


In Priviteged Mode, all instructions can be executed. Address Preparation 
uses the appending phasee The Processor executes in “Privileged~Modead unhen the 
access bits of the Segment Descriptor Word specify a privilegeo procedure and 
the execution ring is equal to zero. Refer to Sections V and VIII for more 
detailed information. 


Addressing Modes 


ABSOLUTE MODE 


e 


Atl instructions can be executed in the “Absolute™Modead and unrestricted 
acc2ss is permitted to privileged hardware features. Address Preparation for 
instruction fetches does not use the appending phase. Ouring instruction 
fetches, the Procedure Pointer Register is ignored. 


The Processor enters Absolute Mode immediately after a fauit or interrupt 
and remains in Absolute Mode until it executes a transfer instruction whose 
operand is obtained via explicit use of the appending mechanism, that is, via 
explicit reference to one of the Pointer Register by the use of bit 29 of the 
Instruction Word (See Append Mode below). , 


® 


APPEND MODE 


The “Append“Modea is the most commoniy used main store addressing mode. 
In this mode the _ final effective segment address is either added to the 
Procedure Pointer Register, or it is added to one of the eight Pointer 
Registers. If bit 29 of the Instruction Word contains a 0», then the Procedure 
Pointer Register is selected$ otherwise, the Pointer Register given by bits 9-2 
of the instruction word is selected. 


BAR MODE 


In “BAR~(Base~Address~Register) “Modea, the i8-bit BAR is usede The BAR 
contains a0 modulo 512 address bound in bit positions 9-17 and a @ modulo $12 
base address in bit positions 0-8 All addresses are relocated by adding the 
effective segment address to the base address in bits d-8. The relocated 
address then becomes the final segment effective address as in Append Mode and 
ils added to the Procedure Pointer Register. A process iS kept within certain 
main store ftimits by subtracting the unrelocated effective address from the 


address bcund in bits 9-17. If the result is zero or negative, the relocated 
address would be out of range, and a Store Fault occurs. . 
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Table 1-1. Modes of Operation 


EUNCTIONS NORHAL PRIVILEGED ASSOLUTE BAR 
Execute privileged No Yes Yes No 
instructionse 
Main store address for Append Append Absotute Procedure Pointer 
instruction fetfche Register pius GAR 


‘pase address. 


Main store address for Append Append Append if bit Procedure Pointer 

for operand fetch. . 29 = 1, else Register pilus BAR 
Absolute. base addresse 

Restriction of access Some Some None Total 


to other segmentse 


“Major functions of each principal togic element are fisted below and are © 
described in subsequent sections of this manual. 


Controis data input/output to main store. 
Performs main store selection and interlace. 
Does address appending. 


Controtis fault recognition. 


“AssociativeMemory“Assembiva 


This assembly consists of sixteen 72-bit Page Tabie Word Associative Memory 
“(PTWAM) “registersad and sixteen 108-bit Segment Descriptor Word Associative 
Memory “(SDWAM)“fegistersa These registers are used to hold pointers to most 


a 


recently used segments (SOWs) and pages (PTWs). This unit ooviates the need for 
possible nultipie main store accesses before obtaining an absolute anain store 
address of an operande 
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“Control "Unita 


Performs all Processor control functions. 

Perfcrms address modification. 

Controls mode of operation (Privileged, Normal, etcede 
Performs interrupt recognition. 

Decodes Instruction Words and Indirect Words. 


Performs Timer Register loading and decrementing. 


“Overation™ Unita 


Does fixed and floating binary arithmetice 


Does shifting and Boolean operations. 


“Decimnal™ Unita 


Does decimal arithmetic. 


Does character- and bitestring operations. 


* 
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SECTION II 


MACHINE INSTRUCTIONS 


This section describes the comprehensive set of “machine“instructionsad for the 
Mulitics Processor. The presentation assumes that the reader is familiar sith 
the general structure of the Processor, fhe representation of information, the 
data formats, and the method of address preparatione Additional information on 


these subjects appears near the beginning of this section and in Sections III 
through VI. 


INSTRUCTION. REPERTOIRE 


The Processor interprets a 10 bif field of the Instruction Word as the 
Operation Code. This field size yields an instruction universe of; 1024 of which 
547 are implemented. The instruction population is divided into 456 Basic 
Operations and 31 Extended Instruction Set (EIS) Operations. 


Arrangment of Instructions 


Instructions In this section are presented alphabetically by their mnemonic 
codes within functional categories. However, an overall aipnabetic tisting of 
instruction codes and their names appears in Appendix 3 to aid the user in 
locating specific instructions via that codee 


Basic Operations 


The 456 “basic~operationsa in the Processor all require exactiy one 36-bit 
machine word and are further subdivided into the following types 


181 Fixed Point Binary Arithmetic 75 Pointer Register 
8S Boolean Operations 17 Miscelianeous 
34 Floating Point Binary Arithmetic 28 Privileged 
36 Transfer of Control 


Extended Instruction Set (EIS) Operations 


The 91 “Extended“Instruction "Set “(EIS)“Operationsa are futher subdivided 
into 62 EIS Single-Word Instructions and 29 EIS Mul ti-Word Ixstruct ionse 
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EIS SINGLE-WORD OPERATIONS 


The 62 “EIS7Single-Hord~Instructionsad toads stores and perform special 


arithmetic on the Address Registers (ARn) used to access bit- and 
character-string operands, and safe-store Decimal Unit (0U) control information 
required to service a Processor. fault. Like the Basic Operations, EIS 


Single-Word Instructions require exactly one 36 bit Machine Word. 


EIS MULTI-WORD OPERATIONS 


The 29 “EIS™Mult i-Word7~Instructionsa perform Decimai Arithmetic and bite- 
and character-string operations. They require 3 or & 36-bit Machine Words 
depending on individual Operand Descriptor requirements. 


“EORMATTOFMINSTRUCTION®_ DESCRIPTION 


Each instruction in the repertoire is described in the following pases of 
this sectione The descriptions are presented in the format shown belowe 


MNEMONIC INSTRUCTION NAME OP CODE (OCTAL) 
“FORMATS Figure or Figure reference 
SUMMARY 3 Text and/or bit transfer equations 


MODIFICATIONS: Text 
INDICATORS: Text and/or ltogic statements 


NOTES? Text 


Line 13 MNEMONTC,s INSTRUCTION NAME> OP CODE (OCTAL) 
This line nas three parts that contain the fol towing? 


Le Mnemonic -- The “mnemonic”~coded for the Operation field of the 


assembier statement. The Multics assembier, ALM, recognizes this 
value and maps it into the appropriate binary pattern when generating 
the actual object code. 


2e Instruction Name -- The name of the machine instruction from which the 
Mnemonic was deri vede 


3e Op Code (Octal) -- The octal vaiue of the operation code for the 
instruction. A zero or a one in parentheses following an octal code 
indicates whether bit 27 (0p Code extension bit) of the instruction 
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word is OFF or ON. 


Line 23 EQRMAT 


Tne tayout and definition of the subfields of the instruction word or words 
is given here either as a Figure or as a reference to a Figu*ee 


Line 33: SUMMARY 


Tne change in the state of the processor affected by the execution of the 
instruction is described in a short and generally symbolic form. If reference 
is made to ‘the state of an indicator in the SUMMARY, it is the state of the 
indicator before the instruction is executed. 


Line 4&3 MODIFICATIONS 


Those modifiers that cannot be used with the instruction are tisted 
expticitiy as exceptions either because they are not permitted or because their 
effect cannot be predicted from tne generai address modification procedure. 
(See “Effective Address Formation™ in Section VIe) 


* 


Line 5: INDICATORS 


Onty those indicators are listed whose state can be changed by the 
execution of the instruction. In most caseS, a condition for setting ON as well 
as one for setting OFF is stated. If only one of the two is stated, then the 
indicator remains unchanged if the condition is not net. Uniess stated 
otherwise, the conditions refer to the contents of fregiSters existing after 
instruction executione Refer aiso to “Common Attributes of Instructions’, later 
in this section. , 


Line 63 NOTES 


Tnis part of the description exists only in those cases where the SUMMARY 
is not sufficient for in depth understanding of the operation. 
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Y = the 18 tow order bits of the final 24 bit main. store 
address of the instruction operand after ail address 
preparation is complete. 


Y-pair = a sympol denoting that Y designates a pair of main store 
locations with successive addresses, the smailer address 
being evene When the main store address is even, it 
designates the pair Yleven), Y#1i$ and when it is odds 
the pair Y-1, Ylodd). The main store Jocation with the 

‘smaller (even) address contains the most significant 
part of a double-word operand or the first of a pair of 
instructionse 


Y-blocknph = a symbo! denoting that Y designates a block of main 
store locations of 4&-» 8-», or i6-word extente For a 
biock of pn-word extent, the Processor assumes’ that 
Y-biockn is a 90 modulo n address and performs address 
incrementing through the biock accordingly, stopoing 
when the address next reaches a value 0 modulo ne Note 
the difference between Y-block addressing and Y-pair 
addressing that forces the address to be 0 modulo 2. 


Y-charnk = a Symbol denoting that Y designates a character or 
string of characters in main store of character size n 

* bits as described by the kth Operand Descriptor. on is 
specified by the data type field of Operand Descriptor k 
and may have vaiues 4, 6, or 3. See Section VI, 
Effective Address Formation, for detaiis of OGperand 
ODescriptorse 


Y-bi th = a symbol! denoting that Y designates a bit or string of 
bits in main store as described by fhe kth Operand 
Descriptor. See Section VI> Effective Address 
Formation, for detaiits of Operand Descriptors. 


“Index” Valuesa 


When reference is made to the elements of a string of characters or bits in 
main store, the notation Shown in Register Position and Contents below is used. 
The index used to show traversing a string of extent yn may take any of the 
values in the interval {19n) unless noted otherwisee The elements of a main 
store block are traversed expticitiy by using the index as an addend to fhe 
Given block addresS,» @e9s Y~-biock8tm and Y-block&st2mel. 


“Abbreviations and"Symboijisa 


A Accumulator Register 

ARn Address Register n (n = Oyo 1s 2e eoos 7) 
(consists of PRneWORDNO!} IPRn.CHARE IPRne. SITNO) 

AQ Combinec Accumulator-Quotient Register 


BAR Base Address Register 
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on @ 


“Contents of™ 


CA Computed Address 

OSBR_ Descriptor Segment Base Register 

DSBR.-ADDR Descriptor Segment Base Address Register of DSBR 
OSBR-BND Descriptor Segment Bound Reister of OSBR 
DOSBR «STACK Stack Base Register of OSBR 

OSBReU Unpaged Flag of DSBR 

—E Exponent Register 

EA Combined Exponent and Accumulator Registers 
EAQ Combined Exponent-Accumulator-Quotient Register 
ERN Effective Ring Number 

ESN Effective Segment Number 

Ic Instruction Counter 

IR Indicator Register 

PPR Procedure Pointer Register 

PPRePRR Procedure Ring Register of PPR 

PPR.PSR . Procedure Segment Register of PPR 

PPReIC Instruction Counter Register of PPR 

PPReP Privilege Flag of PPR 

PRn Pointer Register n (n = Oe Leg 2e eaves 7) 
PRne RNR Ring Number Register of PRn 

PRnN.SNR Segment Number Register of PRn 

PRn.-WORDNO Word Address Register of PRn 

PRn.eCHAR Character Address Register of PRn 
PRnN.«BITNO Bit Offset Register of PRn 

Q Quotient Register 

PTWAM Page Tabte Word Associative Memory 

SOW AN Segment Desriptor Word Associative Memory 
RALR Ring Alarm Register 

TPR Temporary Pointer Register 

TPR.CA Computed Address Register of IPR 

TPReTRR Temporary Ring Register of TPR 

TPR.TSR Temporary Segment Register of TPR 

TPR-TBR Temporary Bit Register of TPR 

TR Timer Register ; 

Xn Index Register n.(n. = Oy te 20 coos 7) 

Zz Temporary pseudo-resulf of a nonstore coaparative operation. 


Register Positions and Contents 


("R™ standing for any of the registers !isted above as wet! as for main 


store words, word-pairs, word-blocks, and character stringse 


Ri . the ith bit position of R_ - 
RO) the ith register of a set of n registers, R 
Ris) the bit positions i through } of R 
CCR) the contents of the full register R 
. 
CCRIi the contents of the ith bit or character of R 
C(RD is} the contents of the bits or characters i through J of R 
XXeooX 


a string of binary bits (0°s or i*s) of any necessary length 
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When the description of an instruction specifies a change for a part 


of a 


register or main store location, it is understood that the oart of fhe Ceo t ster 


or main store tocation not mentioned remains unchanged. 


“Qther=Sympolsa 
-> replaces 
33 compare with 
& the Boolean connective AND 
3 the Boolean connective OR 
e the Boolean connective NON-EQUIVALENCE (or EXCLUSIVE OR) 
es the Boolean unary NOT operator 
# not equal 
n*¥*m indicates exponentiation (n and m tor 
example, the fifth power of 2 is represented as 2**5. 
x multiplication; for example, C(Y) times 2(Q) is represented 
as C(Y) x C(Q)de 
/ divisions; for examples ClY) divided by C(A) represented 
as C(Y) / CCAD. 
waa concatenations for example, stringi 33 string2e 
veces the absolute value of the value betueen (no 


algebraic sign). For example the absolute vatue of C{A) plus 


CCY) is represented ast iCf{A) + CIYD 1. 


COMMON ATTRIBUTES OF INSTRUCTIONS 


Iliegai Modification 


It an “illegai”modifiera is used with any instruction, 


Fault with a subcode ciass of Iffega! Modifier occurs. 


Parity Indicator 


an Iilega!l 


Procedure 


The Parity Indicator is turned ON at the end of a main store access which 


has incorrect paritye 
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“ INSTRUCTION“ WORD “FORMATS@ 


Basic and EIS Single-wWord Instructions 


Tne “Basic~Instructionsa and “EIS"Singie-Word”Instructionsad require exactiy 
one 36 bit Machine Word and are interpreted according to the format shown in 


Figure 2-1 below. 


Pe ao 


ADDRESS t] OPCODE IISA! TAG i 


Figure 2-1 Basic and EIS Single-Word Instruction Format 


ADDRESS 


OPCOOE 
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The given address of the Operand or Indirect Word. This 
address may bez 


An i8 bit main store address if 4 = 0 (Absolute Mode 
oniy) 


An 18 bit offset to the Base Address Register if A= 90 
(BAR Mode only) 


An 18 bit offset relative to the base of the current 
procedure segment if A = 0 (Appending Mode only) 


A 3 bit Pointer Register number (n) and a 15 bit offset 


to CUPRn-WORDNO) if A = 1 (Absolute and Appending Modes 
oniy) ' 


A 3 bit Address Register number (pn) and a i5 bit offset 


to CCARn) if A = 1 (All modes depending on instruction 
type) 


An 18 bit IJiiteral signed or unsigned constant (Atl 
modes depending on instruction type and Modifier) 


An 8 bit Shift Operation count (All modes) 
An 18 offset to the current value of the Instruction 


Counter C(PRR.IC) CAI! modes) 


Instruction operation code. 


Program Interrupt inhibit bite. When this bit is set, the 
Processor will ignore alt external Program Interrupt 


Ssignalse See Section VII, fFauits and Interrupts, for 
details. 


2-7 -  aL39 


A Indirect via pointer register fttage See Section VI, 
fFtfective Address Formation, for details on the use of 
Pointer Registers. 


TAG Instruction address modifier. See Section VI, Effective 
Address Formation, for details on Address Modification. 


indirect Words 


Certain of the Basic and EIS Single-Word Instructions permit indirection to 
be specified as part of Address Modification. When such indirectior is 
specified, C{(Y.) is interpreted as an “Indirect"Wordad according to the forrat 
shown in Figure 2-2 velone , 


0 ii 23 3 
ag a a 
3 i i i 
3 ADDRESS ‘ TALLY | TAG t 

18 12 6 


Figure 2-2 Indirect Word Format 


ADDRESS The given address of the Operand or next Indirect Word. 
This address may be’ 


An 18 bit main store address if A = 0D iIn_ the 
Instruction Word (Absolute Mode cnty) 


An 18 bit offset relative to the Base Address Register 
(BARD if A= 0 in the Instruction Hord (BAR Mode ontly) 


An 18 bit offset relative to the base of the current 
procedure segment if A = 0 (Appending Mode onty) 


An 18 bit offset relative to the origin of the segnrent 
described by PRpn if A = 1 in the Instruction Word and 
PRn is selected by the Instruction Word (Absolute and 
Appending Modes onty) 


TALLY ‘A count field for use by those Address Modifiers that 
involve tailyinge 


TAG Next address modifier. 
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EIS Muiti-wWord Instructions 


Tne “EIS “Mul ti-Word-Instructionsd require 3 or & Machine Words depending on 
the Operand Descriptor requirements of tne individual instructionse The words 
are interpreted according to the format shown in Figure 2-3 selow. , 


0 i121 222 3 


i { : 3 | 
i VARIABLE . i OPCODE 113 MFA | 
3 : 18 10 1 71 
3 Operand Descriptor or Indirect Pointer for Operand 1 3 
_ ; 

i 
4 Operand Descriptor or Indirect Pointer for Operand 2 i 
i : 3 
’ Operand Descriptor or Indirect Pointer for Operand 3 ! 
a a at eS ee Te 

36 


Figure 2-3 EIS Multi-Word Instruction Format 


“VARIABLE Tnis fietd is interpreted variously according to the 
requirements of the individual EIS Instructionse Its 
interpretation is given under FORMAT for each EIS 
Instructione The Modification Fieitds MF2 and MF3 are 
contained in this field if they are required. 


OPCODE Instruction operation code as, for Basic and Es 
Single-Word Instructions. a . 


I Program Interrupt inhibit bit as for Basic and EIS 
Singie-Word Instructions. 


MFA Modification Field for Operand Descriptor i. See f€IS 
Modification Fields (MF) belfon for details. 


EIS Modification Fields (MF) 


Each of the Operand Descriptors following an EIS Multi-wWord Instruct: on 
Word has a “~Modification”Fietdd in tne Instruction Word. Tne Modification Fitid 


controls the interpretation of the Operand Descriptor. The Moditication Field 
is interpreted according to the format shown in Figure 2-4. 
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a AR 


b RL 


REG 


REVIEW D 


RAFT 


+r rr oe | 3 
faibics REG | 


Figure 2-G@ EIS Modification Field (MF) Format 


Address Register flage This flag controts interpretation 
of the ADDRESS fietd of the GQperand Descriptor just as the 
"Aw fiag controls interpretation of the ADDRESS field of 
the Basic and EIS Single-Word Instructionse 


Register fength controt. If RL = 0, tren the Length (N) 


field of the Operand Descriptor cortairas the length of fhe 
operande If RE = 1, then the Length {N) field of the 
Operand Descriptor contains a selector value specifying a 
register holding fhe operand tengthe 


Indirect descriptor control. If ID = 1 for MFk, then” the 
kth word folfowing the Instruction Word is an Indirect 
Pointer to the Operand ODescrptor for the kth operand$ 
otherwise, that word is the Operand Descriptor. 


The register number for R-type modification (if any) of 
ADDRESS of the Operand Descriptor. These modifications 
are similar to R-type modifications for Basic Instructions 
and are summarized in Tabie 2-1 below. Illegal modifiers 


‘nave the entry “IPR™ and cause an I[ilegal Procedure Fault. 


Table 2-1 Retype Modifiers for REG Fields 


Meaning as used in 


Indirect Operand C(Operand 
R-type ME 2REG Descriptor Pointer Descrintor) 32335 
N N N IPR 
AU AU AU AU 
Qu QU Qu / Qu 
DU IPRCa) IPR IPR 
Ic IC (b) IC (b) IPR 
AL A(c) AL Ac) 
QL Qc) QL Qtc¢) 
OL IPR IPR IPR 
x0 x0 XO x0 
Xi Xi X1 X41 
X2 x2 X2 X2 
X3 x3 X3 x3 
X4& X& X& X& 
XS X5 XS x5 
X6 X6 X6 X6 
x7 X7 X7 X7 
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(a) The OU modifier is permitted only in the second Operand Descriptor of 
the SCD, SCDR,» SCM, and SCMR instructions to ssecify that the test 
character(s) reside(s) in bits 0-18 of the Operand Descriptor. 


(bd) The IC modifier is permitted onty in the REG field of. Indirect 
Pointers and in MF3.REG for the SCD», SCDR, SCM, SCMR, MVT, TCT, and 
TCTR instructions, that is, the instructions that store summary 


results of a scan operatione Ct(IC) is always interpreted as a word 
offset. 


{c) The timit of addressing extent of the processor is 2**18 - 1 words$ 
that is, given any main store address,» Y, a modifer may be employed to 
access a main store word anywhere in the range (Y - 2**18 #4 i, 
Y + 2**18 - 1), provided other -address range contraints are not 
violated. Since it is desirabte to address this same extent as words, 
characters, and bits it is necessary to provide a register with range 
greater than the 12 bits of N or the 18 bits of normal R-type 
modifierse This is done by extending the range of the A and Q 
modifiers as followseee 


Mode $$ Range = AsQ bits 
9-bit 20 16935 | 
66-bit 24 15,35 
h-bit 21 15,35 
bit 24 12435 


The unused high order bits are ignored. 


EIS Operand ODescriotors and Indirect Pointers 


The words following an EIS Multi-Word Instruction Word are either 
descriptions of tne operands or “Indirect“Pointersa to the operand descriptions. 
Tne interpretation of the words is performed according to the settings of the 
control bits in the associated Modification Field (MF). The kth Word following 
the Instruction Word is interpreted according to the contents of MFke See EIS 
Modifications Fields (MF) above for meaning of the various control bits. 


See Section III, Data Representation, and Section VI, Effective Address 
Formation, for further details. 


“OPERAND~DESCRIPTOR“ INDIRECT POINTER FORMATA@ 


If MFKeIO = i, then the kth word following an EIS f®ulti-word Instruction 


Word is not an Operand Descriptor, but is an Indirect Pointer to an Operand 
Descriptor and is interpreted as shown in Figure 2-5. 
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: eae ae 


11 22333 3 
a 


ADDRESS 10 06000 00 00 OfAI0 08 REG 3 


Bea ee ee e 
18 41 1 2 6 


Figure 2-5 Operand Descriptor Indirect Pointer Format 


ADDRESS 


“REG 


The given address of the Operand Descriptore This address 
may bes : 

An 18 bit main store address if A= 0 £{(Absotute Mode 
onty) 


An 18 bit offset relative to the 8ase Address Register 
(BAR) if A = 0 (BAR Mode only) 


An 18 bit offset refative to the base of the current 
procedure segment if A = 0 (Appending Mode only) 


A 3 bit Pointer Register number {(n) and a 15 bit offset 
relative to C(PRneWORDNO) if A = 1 (All modes) 


Indirect via Pointer Register fiag. This flag controls 
interpretation of the ADDRESS field of the Indirect 
Pointer Just as the “A” flag controls interpretation.§ of 
the ADDRESS field of the Basic and EIS Single-worad 
Instructionse 


Address modifier for ADORESS. Ail Register Modfiers 
except DU and DL may be used. If IC is useds then ADDRESS 
is an 18 bit offset to value of the Instruction Counter 
fer the Instruction Word. C{REG) is always interpreted as 
a worg offset to ADDRESS. 


~ ALPHANUMERIC ~OPERAND~DESCRIPTOR-FORMATA 


For any operand of an EIS Multi-word Instruction that requires Alphanumeric 
Oata, the Operand Descriptor is interpreted as shown in Figu~e 2-6 belowe 


| enon ren anecnaemn ett 


ADDRESS 
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ii 22222 3 
a eee 
3 H $3 ] 

ADDRESS $+ CN ITA 103 N : 
Se es 

21 12 


18 3 


Figure 2-6 Alphanumeric Operand Descriptor Format 


The given address of the operand. This address may be 
(for fhe kth operand) : 


An 18 pit main store address if MFkeAR= 0 (Absolute 
Mode only) 
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CN 


‘An 18 bit offset to the Base Address Register if MFK.AR 
= 0 (BAR Mode onty) , 


An 18 bit offset retative to the base of the current 
procedure segment if MFKeAR = D0 (Apsending Mode only) 


A 3 bit Address Register number (0) and a 15 bit nord 
offset to CCARn.) if MFKeAR = 1 CALL modes) 


Character Number. This field gives the character position 
within tne word at ADDRESS of the first operand character. 
Its interpretation depends on the Data Type (See TA below) 
of the operand. Tabie 2-2 below shows the interpretation 
of the field. A digit in the table indicates’ the 
corresponding character position (See Section III, Data 
Representation, for data formats) and an “x” indicates an 
‘invalid code for the ODOata Type. Invaiid codes cause 
Iilegal Procedure Faultse 


Table 2-2 Atphanumeric Character Number (CN) Codes 


TA 
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CCCND | yo 
000 
001 
010 
011 
100 
104 
110 
111 


NOS WNP Oo F. 
ne 
x xXWFWN PY oo BE 
ho 
{ 


XWHNX PK OC E 


Type Afphanumeric.e This is the Data Type code for the 
operand. The interpretation of the field is shown in 
Tabie 2-3 belowe The code shown as Invalid causes an 
Tilegal Procedure Fault. 


Table 2-3 Alphanumeric Data Type (TA) Codes 


C(TAd Data Ivoe 
00 9-bit 
O41 6-bit 
10 ; 4-bit 


11 Invalid 


Dperand lengtte If MFkeRL = 0, this field contains the 
String length of the operande If MFgeRL = 1» this field 
contains the code for a register holding the operand 
string lengthe See Taple 2-1 and EIS Modification Fietds 
(MF) above for a discussion of register codes. 
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“NUMERIC~OPERAND~OESCRIPTOR™F ORMATA 


For any operand of an EIS Multi-word Instruction that requires Numeric 
Data, the Operand Descriptor is interpreted as shown in Figure 2-7 belowne 


ra, lea ee 
3 


3 ADORESS 3 CN 


11 22222 23 3 


Figure 2-7 Numeric Operand Descriptor Format 


ADDRESS 


CN 


key 
The given address of the operand. This address may be 
(for the kth operand) 8 


An 18 bit main store address if MFik-AR= 0 (Absolute 
Mode only) 


An 18 bit- offset fo the Base Address Register if MFkeAR 
= 0 (BAR Mode onty) 


An 18 bit offset relative fo the base of the current 
procedure segment if MFkKeAR = 0 {(Apoending Mode onl y) 


A 3 bit Address Register number (4) and a i5 bit sord 
offset to CC(ARn.) if MFKeAR = 1 (AIL modes?) 


Character Number. This field gives the character posi tion 
witnin tne word at ADDRESS of the first operand charactere 
Its interpretation depends on the Data Type (see TA below) 
of the operand. Table 2-2 above shows the interpretation 
of the field. 


Type Numeric. This is the Data Type code for the operande. 
The codes areeece i 


CLIN) Data Ivee 


0 9=vit 
1 &-bit 


Sign and decimal type of datae The interpretation of the 
field is shown in Table 2-4 belowe 


Tabte 2-4& Sign and Decimal Type (S) Codes 


Octal Code Sign and Decimal Iyae 
00 Floating point, leading sign 
01 Scaled fixed points, lteading sign 
10 Scaled fixed point, trailing sign 
41 Scaled fixed point, unsigned 
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SF Scaling factor. This field contains the two*s complement 
value of the base 10 scaling factor$ that is, the value of 
m for numbers represented a n x 10**m. The decimal rcoint . 
is assumed to the right of tne least significant digit of. 


Ne ' Negative values move the decimal point to tne leaft$ 
positive values, to the righte Tne range of gp is 
(-32,31)- 

N Operand tengthe If MFKeRL = D0, this field contains the 


operand tength in digitsSe If MFkeRL = 1, it contains the 
REG code for the register holding the operand length and 
CC(REG) is treated as a 0 modulo 64% number. 


“BIT“STRING~OPERAND~DESCRIPTOR™FORMATA@ 


For any operand of an EIS Multi-word Instruction that cequires Bit-string 
Data, the Operand Descriptor is interpreted as shown in Figure 2-8 bel owe 


0 44142 22 3 


i er a 
$ i + 4 i 
H ADORESS .' cf B if : N ! 
b Sinan ners ene er eee a IN a ae he ae 
16 2 4& , : i2 


Figure 2-8 Bit String Operand Deserptor Format 


ADDRESS Tne given address of the operand. This address may be 
(for the kth operand) 2 


An 18 bit main store address if MFkeAR= 0 (Absolute 
Mode only) 


An 18 bit offset to the Base Address Register if MFk.AR 
= 0 (BAR Mode only) 


An 18 bit offset refative to the base of the current 
procedure segment if MFKeAR = 0 (Apsending Mode oni y) 


A 3 bit Address Register number (ng) and a iS bit word 
offset to CCARne) if MFKeAR = 1 (AIL modes) 


c The character number of the 9-bit character within ADDRESS 
containing the first bit of the operand. 


B Tne bit number within the 9-bit character, Cy, of the first 
bit of the operand. 
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FIXED POINT DATA MOVEMENT LOAD 


“EIXED™ POINT" ARITHMETIC INSTRUCTIONS 


“Eixned™Point"Data"“Novement“lLoada 


EAA 
FORMATS 


SUMMARY 3 


MODIFICATIONS: 
INDICATORS? 


Zero 


Nesative 


NOTES3 


* 


EAQ 
FORMAT3 


SUMMARY 3 


MODIFICATIONS? 


INDICATORSS 


Zero 


Negative 
NOTES: 
REVIEW DRAFT 
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Effective Address to A 635 (0) 
Basic Instruction Format (See Figure 2-1). 

Y -> CCA)0,17 

ODeee 0D —-> CLAI18,35 

All except OUs DL 

(Indicators not tisted are not affected) 

If CCA) = 0, then ON; otherwise OFF 

If CCA) bit 0 = 1, then ON$ otherwise JFF 

The EAA instruction, and the instructions EAQ and EAKny 


facilitate interregister data movements$; the data source 
is specified by the address modification, and the data 
destination by the operation code of tne instructione 


Attempted repetition with RPL causes an Illegal Procedure 
Faulte 


Effective Address to Q 636 (0) 
Basic Instruction Format (See Figure 2-1). 

Y => €(090,17 

D0eee0 => (0918535 

All except DU, DOL 

(Indicators not listed are not affected) 

Tf C(Q) = 0, then ON$ ofherwise OFF 

If C(Q)0 = 1, then ON$ otherwise OFF 

Attempted repetition with RPL causes an Illegal Procedure 


Fauite 
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EAXn 


LCA 


FORMAT? 


SUMMARY 8 


MODIFICATIONSS 
INDICATORSS 


Zero 


Negative 


NOTESS 


FORMAT3 


SUMMARY 3 


MODIFICATIONS? 
INDICATORS? 


Zero 
Negative 


Overflion 


NOTESS 
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FIXED POINT DATA MOVEMENT LOAD 


Effective Address to Xn 62n (0) 
Basic Instruction Format (See Figure 2-1). 


For n = O¢ Ls eeos Or 7 as determined dy operation code 


Y => ClXn) 
Atl except DU, DL 
{Indicators not Jisted are not affected) 


If C(Xn) = O, then ON$ otherwise OFF 


If C(Xn)0 = 1,5 then ON} otherwise OFF 

Attempted repetition with RPL causes an Illegal Procedure 
Fault. 

Load Coaplement A 335 (0) 


Basic Instruction Format (See Figure 2-1). 


If Cty) # 0, fhen -CCY) -> CCA) 


otherwises 000.0 => CCA) 
Ail 


(Indicators not listed are not affected) 


It C(A) = 0, then ON$ otherwise OFF 


If CCA0 = 1, then ON§$ ofherwise OFF 


If range of A is exceeded, then ON$ otherwise OFF 


Tne LCA instruction changes the number to its negative (if 
¥ 0) while moving it from Y to Ae The operation is 


e 


executed by forming the two's compsement of the sfring of 
36 bitse 
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FIXED POINT DATA MOVEMENT LOAD 


LCAQ 
FORMATS 


SUMMARY 3 


MODIFICATIONSS 
INDICATORS? 


Zero 
Negative 


Over fion 


NOTESS 


LCQ 
FORMATS 


SUMMARY 83 


MODIFICATIONS? 
INDICATORS2 


Zero 
Negative 


Overflow 


NOTES: 
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Load Complement AQ 337 (0) 
Basic Instruction Format (See Figure 2-1). 


If CCY-paird # 0, fhen -ClY-pair) -> CCAQ) 


‘otherwise, ODeeeD -> C(aQ) 


All except DU, Ol», CI, SCe SCR 
{Indicators not listed are not affected) 


If CCAQ) = O, then ON$ otherwise OFF 
If CCAQIOD = 1, then ONS otherwise OFF 


It range of AQ is exceeded, then ON$ otherwise OFF 


Tne LCAQ ‘instruction changes the number to its negative 
(it # 0) while moving it from Y-pair tos AQe The operation 
is executed by forming the two*s complement of the string 
of 72 bits. 


Load Complement Q 336 (0) 
Basic Instruction Format (See Figure 2-1). 


If ClY) # 0, then -CCY). => C(Q) 


otherwise, 00.e.0 -> C(Q) 
All 
(Indicators not tisted are not affected) 


If C(Q) = O, then ON$ otherwise OFF 
If C(Q)0 = 1,5 then ON$ otherwise OFF 


If range of Q is exceeded, then ON$ otherwise OFF 


Tne LCQ instruction changes the number to its negative (if 
# 0) while moving it from Y to Qe The operation is 
executed by forming the two*s complement of the string of 
36 bitse 
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LCXn 
FORMATS 


SUMMARY 2 


MODIFICATIONS’ 
INDICATORS? 


zero 
Negative 


Overfion 


NOTESS 


LDA 
FORMATS 
SUMMARY 3 
MODIFICATIONS’ 
INDICATORS? 


Zero 


Negative 
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FIXED POINT DATA MOVEMENT LOAD 


Load Complenent Xn 32n (0) 
Basic Instruction Format (See Figure 2-1). 


For n = Oy is eecs or 7 as determined by operation code 
If Ctyv0,17 # 0, then -C(Y10,17 => S(Xn) 


otherwise, O06e.8 -> ClXn) 
Alt except CL» SC» SCR 
(Indicators not listed are not affected) 


If C¢Xn) = Dy then ON$ otherwise OFF 
If C(Xn)0 = 1, then ONS otherwise OFF 


If range of Xn is exceeded, then ON$ ofherwise OFF 


Tne LCXn instruction changes the number to its negative 
(it # 0) while moving it from Y0,17 to Xne The operation 
is executed by forming the two°s complement of the string 
of 18 bits. 


Attempted repetition with RPL and with the same register 
given as target and modifier causes an Illegal Procedure 
Faulte 


Load A 235 (0) 

Basic Instruction Format (See Figure 2-1). 
| 

ct) -> CCA) 

Ail 


(Indicators not listed are not affected) 


If CCA) = 0, then ON$ otherwise OFF 


If CCA)O = is Then ON$ otherwise OFF 
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FIXED POINT DATA MOVEMENT LOAD 


LDOAC Load A and Clear 034% (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 CtY) =—> CCA) 


ODeee D0 -> CLY) 


MODIFICATIONSS All except DU, Dl» CI, SCy SCR 


INDICATORS8 (Indicators not listed are not affected) 
Zero If CCA) = 0, then ON$ otherwise OFF 
Negative If C(A)0 = 1, then ON$ otherwise OFF 
NOTES3 The LDAC instruction causes a special nain store reference 


that performs the toad and clear in one cycle. Thus, fthis 
instruction can be used in ftocking data. 


LDAQ Load AQ 237 (0) 
« , 
FORMAT? Basic Instruction Format (See Figure 2-1}. 
SUMMARY? C(Y-pair) -> CCAQ) 


MODIFICATIONSS Al except DU, OL» CI, SC, SCR 


INDICATORS? (Indicators not listed are not affected) 
Zero If CC AQ) = Oy then ON$ otherwise OFF 
Negative If C(AQ)0 = 1,5 then GNSS otherwise OFF 
LOT Load Indicator Register 634 (0) 
FORMAT: Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 C(Y)16,31 -> CCIR) 


MODIFICATIONS: All except CI, SC» SCR 
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INDICATORS? 


Parity 
Mask 


Not BAR 
Mode 

Mul tivord 
Instruction 


‘Fault 


Absolute 
Mode. 


Alt Other 
Indicators 


NOTES 


FIXED POINT OATA MOVEMENT LOAD 


(Indicators not listed are not affected) 


If C(Y)27 = 1, and the Processor is in Absolute or 
Privileged Mode, then ON$ otherwise OF. This indicator 
is not affected in the Normal or BAR modes. 


Cannot be changed by the LOI instruction 
If Ctv)30 = 1, and the Processor is in Absotute or 
Privileged mode, then ON$ otherwise OFF. This indicator 


is not affected in Normal or BAR modes. 


Cannot be changed by the LOI instruction 


If corresponding bit in C(Y) is 1. then ONS otherwise, OFF 


The relation between C(Y)18,31 and the indicators is given 
in Table 2-5 below. 


The Tatty Runout indicator retiects 2(Y)25 regardiess of 
what address modification iS performed. on the LOL 
instruction for taftly operationse 


Attempted repetition with RPT, RPD, or RPL causes an 
Ittegal Procedure Fault. 


Table 2-5. Relation Between Data Bits and Indicators 


Bit 
Position CCy) indicator 
18 Zero 
19. Negative 
20 Carry 
21 Over flow 
22 Exponent Overfiow 
23 Exponent Undeftow 
24 Overflow Mask 
25 Talty Runout 
26 Parity Error 
27 Parity Mask 
28 Not BAR Mode 
29 Truncation 
30 Multiword Instruction Fault (MIF) 
31 Absolute Mode 
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FIXED POINT DATA MOVEMENT LOAD 


LDQ 


toac 


LOXn 


FORMATS 
SUMMARY 8 
MODIFICATIONS’ 
INDICATORS3 


Zero. 


Negative 


FORMATS 


SUMMARY 8 


MODIFICATIONS? 
INDICATORS3 


zero 


Negative 


NOTES3 


FORMATS 


SUMMARY 3 


MOOIFICATIONSS 
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Load Q 236 (0) 
Basic Instruction Format (See Figure 2-1). 

Cty) => C(Q) 

Atl 

(Indicators not tisted are not affected) 

If C(Q) = 0, then ON$ othewise OFF 

If C(Q)0 = 14 then ON$ otherwise OFF 

Load Q and Clear 034 ¢0) 


Basic Instruction Format (See Figure 2-1)- 


C(yY) => CtQ) 
O0eweD -> cty) 


All except OUs Dis CIy SC» SCR 
(Indicators not tisted are not affected) 


If ClY) = 0, then ON$ otherwise OFF 


If CCY)O = ig then ON, otherwise OFF 


The LOQC instruction causes a special main store reference 


that performs the load and clear in one cycle. Thus, this 
instruction can be used in locking data. 
Load Index Register Xn 32n (0) 


Basic Instruction Format (See Figure 2-1). 


For n = O0¢ is eees Or 7 as determined by operation code 


COCY)0,17 => C(Xn) 


Ali except CI + SCe SCR 
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INDICATORS3 


Zero 


Negative 


NOTES3 


LREG 
FORMATS 


SUMMARY 8 


MODIFICATIONS: 
INDICATORS? 


NOTES3 


LXLn 


FORMATS 


SUMMARY 3 


MODIFICATIONS’ 
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FIXED POINT DATA MOVEMENT LOAD 


(Indicators not listed are not affected) 


If C(Xn) = 0, 
If CXn)0 = 


Attempted repetition with RPL and with the 


given” as 
Faulte 


Load Registers 


then ON$ otherwise OFF 


1, then ON$ otherwise OFF 


same register 


target and modifier causes an I!itegal Procedure 


073 (0) 


Basic Instruction Format (See Figure 2-1). 


ClY) 0917 -> CEXO) 
ClY#1)0917 -> CCX2) 
CUY+2)0917 => CUXe) 
CLY+3)0,17 -> CCX6) 
CLY+4) => CAD 
C(Y¥+6)097 -> CCE) 


where Y. must be 0 modulo 83 
such address is usede 


C(¥)18,35 -> C(X1) 


C(Y¥4#1)18,35 -> C(X3) 


CCY¥#2918,35 -> C(X5) 


C(V¥#3)18935 -. C(X7) 


CtY#5) => ©(Q) 


otherwise, the next smalier 


All except DUy DL» CIe SCy SCR 


None affected 


Attempted repetition with RPT, 


Iilegal Procedure Fault. 


Load Xn from Lower 


RPD, or RPL causes an 


72n (0) 


Basic Instruction Format (See Figure 2-1). 


For n= 


CCY)128,35 -> C(Xn) 


Ali except CI, SC, SCR 
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Oe Le coos OT 7 as determined by operation code 


AL39 


FIXED POINT DATA MOVEMENT LOAD 


INDICATORS: 


zero 


Negative 


NOTES3 
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(Indicators not ltisted are not affected) 


If C(Xn) = 0, then ON} otherwise OFF 


If C€Xn)0 = 1, then ONS otherwise OFF 


Attempted repetition with RPL and with the same 


register 


given as target and modifier causes an [liega! Procedure 


Fauite 
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FIXED POINT OATA MOVEMENT STORE 


(0) 


an 


(0) 


an 


~Eixed“Point~Data~Movement"Storea 
SBAR Store Base Address Register 350 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 8 C(BAR) -> CLY)0,17 
MODIFICATIONS’ All except DU, Dl» CIs SCy SCR 
INDICATORS? None affected 
NOTESS Attempted repetition with RPT, RPD, or RPL causes 
Ittegat Procedure Fault. 
SREG Store Registers 753 
FORMATS Basic Instruction Format (See Figure 2-1). 
_ SUMMARY 8 C(X0) -> CCYD0,17 C(Xi) -> ClCY)18,35 
C(X2) => CCY#1)0,17— CUX3) => CCY4+1)18,35 
C(X4) => CLY#2) 0,17 CXS) => CLY#2)18 4935 
C(X6) => CCY#3)0,17 “COUX7) => CCY#3)18,35 
COA) => CLY+*s) C(Q) -> ClY4S) 
CCE) => CLY4+6)0,7 DDeeeD => 31(Y46)8 435 
CCUTR) => CCY*#7)0,26 ODeeeD -> 5CY#7)27,32 
CCRALR) -> CLY+7)33,35 
where Y musf be a 0 modulo 8 address} otherwise the next 
flower such address is usede 
MODIFICATIONS? Atl except DU, OL, CIs SCe SCR 
INDICATORS: None affected 
a 
NOTESs Attempted repetition with RPT, RPD., or RPL causes 
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Iilegali Procedure Faulte 
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FIXED POINT DATA MOVEMENT STORE 


STA 
FORMAT3 
SUMMARY8 
MOOIFICATIONSS 
INDICATORS: 


NOTES 


STAC 
FORMATS 
SUMMARY 3 
MODIFICATIONS 
INDICATORS? 


zero 


NOTES3 


STACQ 
FORMAT? 


SUMMARY 3 


MODIFICATIONS? 
INDICATORS? 


Zero 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


Store A 755 (0) 
Basic Instruction Format (See Figure 2-1). 

CCA) => CCY) 

Alt’ except OU, DL 

None affected 

Attempted repetition with RPL causes an Illegal Procedure 
Faulte 

Store A Conditional Cty) = 0 35% (0) 
paste Instruction Format (See Figure 2-1). 

If CY) = Og then CIA) => ClY) 

Ail except DU, Dl» CIs SCs SCR 

(Indicators not listed are not affected) 

If initial ClY) = 0, TREN ONS otherwise OFF 

If the initial C(Y) is nonzero, then C(Y) is not changed 


by the STAC instructione 


Attempted repetition with RPL causes an Itlegal Procedure 
Fault. 
Store A Conditional CtY) = CQ) 654 (0) 


Basic Instruction Format (See Figure 2-1). 


If CCY) = C{Q)_, then CfA) => CY) 


All except DU, Dl» CI, SC, SCR 


(Indicators not tisted are not affected) 


If initial C(CY) = C(Q)_ then ON$ othernise OFF 
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FIXED POINT DATA MOVEMENT STORE 


If the initial C(Y) is # C(Q), then ClY) is not changed by 
the STACQ instruction. 


Attempted repetition with RPL causes an Iilegal Procedure 
Faulte 


Store AQ . . 757 (0) 
Basic Instruction Format (See Figure 2-1). 

Ct{AQ) = C(Y-pair) 

All except DU, DL» CI» SCy SCR 

None affected 


Attempted repetition with RPL causes an Iilegal Procedure 
Fault. 


Store Character of A (Nine Bit) 551 (0) 
Basic Instruction Format (See Figure 2-1). 


Characters of CLA) => Corresponding Characters of C{Y)> 
the character positions affected being specified in the 
tag field. 


None 
None affected 


Binary ones in the tag field of this instruction § specify 
the character positions of A and Y that are affected. The 
control relations are shown in Table 2-6. 


Attempted repetition with RPT. RPO, or RPL causes an 
Iitegal Procedure Faulte 
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Table 2-6. Control! Relations for Store Character Instructions (Nine Bit) 
Bit Position Bit of Structure 
Within Tag Fleld iostruction of A_and Y 
0 30 Char. 0 
(bits 0-8) 
1 31 Char 1 
(bits 3-17) 
2. 32 Char 2 
(bits 18-26) 
3 33 Char 3 
(oits 27-35) 
‘STBQ Store Character of Q (Nine 8it) S52 (0) 

FORMATS Basic Instruction Format {See Figure 2-1)« 

SUMMARY 8 Characters of C(Q) -> Corresponding Characters of ClY); 
the character positions affected being specified in the 
tag tield. 

MODIFICATIONS? None 

INDICATORS? None affected 

NOTES Binary ones in the tag fieid of this instruction specify 
the character positions of Q and Y that are affected. The 
control retations are shown in Table 2-6 above. 

Attempted repetition with RPT, RPD, or RPL causes an 
Iilegal Procedure Faulte 
STC1 Store Instruction Counter Plus 1 554 (0) 

FORMATS. Basic Instruction Format (See Figure 21). 

SUMMARY 3 C(PPR.IC) + 1 => CCYI0017 
C(CIR) —-> CCY)18,31 
ODeceD -> CCY) 32,35 

MODIFICATIONS3 All except DU, Dis CI, SCeo SCR 
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MODIFICATIONS? 
INDICATORS? 


of 
NOTESS 


STCA 
FORMAT? 


SUMMARY 8 


MODIFICATIONS? 
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None affected 


The contents of the Instruction Counter and the Indicator 
Register after address preparation ara stored in C(Y)0.17 
and C(Y)18,31, respectively. C(Y)25 refiects the state of 
the Tatty Runout indicator prior to modification.. The 
relationship between the C(Y)18,31 and the indicators are 
given in Table 2-5. 


Attempted repetition with RPT, RPO, or RPL causes an 
Islegal Procedure Fauite. 


Store Instruction Counter Plus 2 750 (0) 
Basic Instruction Format (See Figure 2-1). 


C(PPReIC) + 2 -> CCV) 0917 


All except OU, OL, CI, SCs SCR 


None affected 


Attempted repetition with RPT, RPD,», or RPL causes anh 
Iitegal Procedure Fault. 


Store Character of A (Six Bit? | 751 (0) 
Basic Instruction Format (See Figure 2-1). 


Characters of C{A) -> Corresponding Cnaracters of CY), 
fhe character positions affected being specitied in the 
tag field. 


None 


‘None affected 


Binary ones in the tag fieid of this instruction specify 


® 


character positions of <A and Y that are affected. The 
control relations are shown in Table 2-7. 


Attempted repetition with RPT, RPD,. or RPL causes an 
Illegal Procedure Fault. 
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Table 2-7. Control Relations for Store Character Instructions (Six Bit) 
Bit Position Bit of Structure 
Within Taq Fleld instruction of & and y 
0 30 Char 0 
(bits 0-5) 
1 31 Char 1 
(bits 6-11) 
2 32 Char. 2 
(bits 12-17) 
3 33 Char 3 
(bits 18-23) 
% 34 Char 4& © 
(bits 24-29) 
5 35 Char 5 
(bits 30-35) 
STCQ Store Character of Q (Six Bit) 752 (0) 
“FORMATS Basic Instruction Format (See Figure 2-1). 

SUMMARY 3 Characters of C(Q) -> Corresponding Cnaracters of CUYD), 
the character positions affected being specified by the 
tag field. 

“MODIFICATIONS: None 

INDICATORS? None affected 

NOTES3 Binary ones in the tag field of this instruction specify 


REVIEW ORAFT 


the character positions of Q and Y that are affectede The 


control relations are shown in Tadie 2-7 abovee 


Attempted repetition with RPT, 
Titegal Procedure Faulfe 
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Store Controf Double 357 (0) 
Basic Instruction Format (See Figure 2-1). 


ODeeeD -> Cl(Y¥-paird0.2 
C(PPRePSR) => C(Y¥-pair) 3517 
C(PPRePRR) -> C(Y-pair) 18,20 
ODeeeD -> ClY-pair) 21529 

43 octal) -> C(Y¥-pair30,35 
CCPPReIC) #2 -> ClY¥-pair) 36,53 


D0eeeD —> ClY-pair) 54571 

aN except DU, Dl» Cl» SCy SCR 

None affected 

The hardware assumes Y1i7 = 053 no check is made. 


Attempted repetition with RPT, RPD, or RPL causes an 
Ilitegal Procedure Fault. 


Store Indicator Register . 754 (0) 
Basic Instruction Format (See Figure 2-1). 


C(IR) => CLY) 18,31 


G0eeeD —> CLY)32535 
All except OU, DL» CI» SC, SCR 
None affected 


The contents of the Indicator Register after address 
preparation are stored in ClY)18,31- ClY)25 refiects fhe 


e 


state of the Tally Runout indicator prior to address 
preparatione The relation between C(Y)18,31 and the 
Indicators is given in Table 2-5. 


Attempted repetition with RPT, RPO, or RPL causes an 
Tilegal Procedure Fault. 
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Store Q 

Basic Instruction Format (See Figure 2-1). 
C(Q) -> ClY) 

All except Os OL 


None affected 


Attempted repetition with RPL causes ar Illegal 
Faulte 


Store Timer Register 
Basic Instruction Format (See Figure 2-1). 


CITRI => CC(Y)0,26 


BOeeeD -> CCV) 27535 


Atl except OU, OL, CI, SC, SCR 


None affected 


Attempted repetition with RPT, 
Tilegal Procedure Fault. 


RPD, or RPL 


Store Xn in Upper 
Basic Instruction Format (See Figure 2-1ib. 


For n= 0,5 is 


C(Xn) -> ClY)0517 


Alf except DU, OL» CIs SC, SCR 


None affected 


Attempted repetition with RPL causes an Iilegal 
Fault. 
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Store Zero . . . 450 (0) 
Basic Instruction Format (See Figure 2-1). 

ODeee 0 -> CCY) 

All except DU, DL 

None affected 


Attempted repetition with RPL causes an I}legal Procedure 
Faulite 


Store Xn in Lower ban (0) 
Basic Instruction Format {See Figure 2-1). 


For n = 04 Ls eees OF 7 aS determined by operation code 


CiXn) -> C(Y)18,35 
All except DU, Dl, CI, SCs SCR 
None affected 


Attempted repetition with RPL causes an Illegal Procedure 


Fault. 
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A Left Rotate 
Basic Instruction Format (See Figure 2-1). 


Shift CCA) 
enter each bit leaving AO into A35.° 


All except DU, DLs» CI, SCy SCR 


(Indicators not listed are not affected) 


If CCA) = Dy, then ON; otherwise OFF 


If CCAIG = 4, then ON$ otherwise OFF 


775 (0) 


left the number of positions specified Y1i1,173 


Attempted repetifion with RPL causes an Ifiegal Procedure 
FaulTe 

A Left Shift 735 (0) 
Basic Instruction Format (See Figure 2-1). 

Shift CtA) teft tne number of positions specified by 
Y11,17$ fili vacated positions with zeros. 

All except DU, Dl» CI» SC. SCR 


(Indicators not listed are not affected) 


If CCA) = 0, then ON$ ofherwise OFF 
If CCAD = 1, then ON$ otherwise OFF 


If C(AI0 changes during the shift, 


Attempted repetition with RPL causes an Illegal 


e 


Fault. 


then ON$ otherwise OFF 


Procedure 


AL39 


ARL 
' FORMATS 


SUMMARY 3 


MODIFICATIONS? 
INDICATORS? 


Zero 


Negative 


NOTES3 


ARS 
FORMATS 


SUMMARY 2 


MODIFICATIONS? 
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A Right Logic 771 (0) 
Basic Instruction Format (See Figure 2-1). 


Snift CA) right the number of positions 
210173 fitl vacated positions with zerose 


specified by Y. 
Alt except DU, Dl» CI, SC» SCR 


(Indicators not Jtisted are not affected) 


If CCA) = 0, fThen ON$ ofherwise OFF 


If CCA)0 = 1» then ON$ ofherwise OFF 


Attempted repetition with RPL causes an Iitegal 


Procedure 
Faulte 


732 (0) 


Basic Instruction Format (See Figure 2-1). 


A Right Shift 


Shift C(A) right the number of positions specified by 
Yiiei7$ fill vacated positions with CCADO. 


All except DU, DL» CIs SC» SCR 
(Indicators not listed are not affected) 


If CCA) = 0, then ON$ otherwise OFF 


If CtA)O = 4, then ON$ otherwise OFF 


Attempted repetition with RPL causes an [}l legal Procedure 
Faulte ; 
Long Left Rotate 777 «(0) 


Basic. Instruction Format (See Figure 2-1). 


Snift CtAQ) left by the number of positions 
Y11,173 


specified. by 
enter each bit leaving AQ0 into AQ71i-e 
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All except DU», Dl» CI, SCy SCR 


(Indicators not Sisted are not affected) 


If CCAQ) = DB, fhen ON$ otherwise OFF 


If C(AQI0 = 1, then ON$ otherwise OFF 


Attempted repetition with RPL causes an Il legat Proce 
Faultfe 
Long Left Shift 737 


Basic Instruction Format (See Figure 2-1). 


Shift CCAQ) 
Y1i15173 


tett the number of 
fill vacated positions with zerose 


Alt except DU» DL» CI. SC. SCR 
(Indicators not listed are not affected) 


If CCAQ). = 0, then ON$ otfhernise OFF 


If CCAQI0 = is then ON$ ofherwise OFF 


If C¢€aAQ)9 changes during the snrift, then ON$ otherwise 


Attempted repetition with RPL causes an If ftegai Proce 
Fault. 
Long Right Logic 773 


Basic Instruction Format (See Figure 2-1). 


Snift CCAQ) right the number of positions 
Yiiei7$ fill vacated positions with zeroSe 


specified 


Atl except OU, OL» CI, SCy SCR 
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FIXED POINT DATA MOVEMENT SHIFT 


(Indicators not tisted are not affected) 


If C(AQ) = BO, then ON$ otherwise OFF 


If C(AQI0 = 1. then ON$ otherwise OFF 


Attempted repetition with RPL causes ar Illegal 
Faulte 


Long Right Shift 


Basic Instruction Format (See Figure 2-1). 


Procedure 


733 (0) 


Shift C{AQ) right the number of positions specified by 


Yiis17$3$ fill vacated positions with C(A)0. 
All except DU, DL» CI, SCs SCR 
{Indicators not listed are not affected) 


If CCAQ) = DO, then ON$ otherwise OFF 


If CCAQ)0 = 1, then ON$ ofhernise OFF 


Attempted repetition with RPL causes an I!flegal 


Fault. 


Q Left Rotate 


Basic Instruction Format (See Figure 2-1). 


Procedure 


776 (0) 


Shift C(Q) the number of positions specified by Y11,173 


enter each bit leaving Q0 into Q35- 
Alf! except OU, DL, CIs SC. SCR 


(Indicators not listed are not affected) 


If CCQ) = Oy then ON$ otherwise OFF 


If C€Q)0 = 1, then ON$ otherwise OFF 


Attempted repetition with RPL causes an I! legal! 
Fault. 
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Q Left Sniff 736 (0) 


Basic Instruction Format (See Figure 2-1). 


Shift C(Q) left 
Yiil,173 fill 


the number of positions 
vacated positions with zerose 


specified by 


Alf except DU, Dl, CIs SCy SCR 
(Indicators not listed are not affected) 


If C¢(Q) = DB, then ON$ otherwise OFF 


If C(Q)0 = iy then ON$ otherwise OFF 


If C(Q)0 changes during the shifts ther ON$ otherwise OFF 


Attempted repetition with RPL causes an Illegal Prodecure 
Faulte 
Q Right Logic 772 (0) 


Basic Instruction Format (See Figure 2-1). 


Shift C(Q) right the 
¥ii.17$ fill 


number of positions specified by 
vacated positions nith ze*os. 


All except DU, Dlse CIs SC, SCR 
(Indicators not listed are not affected) 


If C(Q) = 0, Then ON$ otherwise OFF 


If C(Q)0 = 1, then ON$ otherwise OFF 


Attempted repetition with RPL causes an ILilegal 
Faulte 


Procedure 
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QRS Q@ Right Shift . 732 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 8 Shift C(Q) right the number of positions specified by 


Y11,173 fill vacated positions with C(2)0. 


MODIFICATIONSS All except DU, Dis CI, SC, SCR 


INDICATORSS (Indicators not listed are not affected) 
Zero If C(Q) = Oy then ON$ otherwise OFF 
Negative If €¢(Q)0 = 1, then ON$ otherwise OFF 
NOTES: Attempted repetition with RPL causes an Illegal Procedure 
: Faulte 
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ADD to A 

Basic Instruction Format (See Figure 2-1). 
CiA) + CIV) => CCA) 

All 

(Indicators not tisted are not affected) 


If CCA) = 0, then ON$ otherwise OFF 
If CCA)0 = 1e then ON$ otherwise OFF 


If range of A is exceeded, then ON$ otherwise OFF 


075 (0) 


If a carry out of AO is generated, then ON$ otherwise OFF 


Add to AQ 

Basic Instruction Format (See Figure 2-1). 
C(AQ) + ClY-pair) -> CCAQ) 

All except DU, Ol» CI, SC» SCR 

(Indicators not tisted are not affected) 


If Cc AQ) = 0, then ON$ otherwise OFF 


If COCAQI0 = 1, then ONS otherwise OFF 


If range of AQ is exceeded, then ON$ otherwise OFF 


O77 (0) 


If a carry out of AQOD is generated, then ON$ otherwise OFF. 


Add Low to AQ 


Basic Instruction Format (See Figure 2-1). 


C(AQ) + CLY) sign extended -> C(AQ) 
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FIXED POINT ADDITION 


Ali except CI, SC, SCR 
(Indicators not listed are not affected) 


If ClAQ) = Oe then ON$ ofherwise OFF 
If CCAQIO = te then ON$ otnerwise OFF 
It range of AQ is exceeded, then ON$ otherwise OFF 


If a carry out of AQO is generated, then ONS otherwise OFF 
A 72-bit number is formed from C(Y) in the following 
manners 

The tower 36 bits (36.71) is identical to CY). Each of 
the upper 36 bits (0,35) is identical to C(Y)0. 


This 72-bit number is added to the contents of the 
combined AQ-register. 


Add Logicai to A 035 (0) 
Basic Instruction Format (See Figure 2-1). 

COA) + ChY) -> CCAD 

All 

{Indicators not Jtisted are not affected) 


If CCA) = Oy then ON$ otherwise OFF 

If CCAIO = 1, then ON$ otnerwise OFF 

If a carry out of AS is generated, ther ON$ otherwise OFF 

Tne ADLA instruction is identical to the ADA instruction 
with the exception that the Overflow indicator is not 
affected by the ADLA instructions nor does an Overflow 


Fault OCCU e Operands and resuits are treated as 
unsigned, positive binary integers. 
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Add Logical fo AQ 037 (0) 
Basic Instruction Format (See Figure 2-1). 

C(AQ) + Cl(Y-pair) -> CCAQ) 

Atl except DUs Dis CI» SCe SCR 

(Indicators not 


listed are not affected) 


If C(CAQ) = Os then ON$ otherwise OFF 
It C(AQ)0 = 1s then ONS otherwise OFF 


If a carry out of AQO is generated, then ON} otherwise OFF 


The ADLAQ instruction is identical to the ADAQ instruction 


with the exception that the Overftow indicator is not 
affected by the ADLAQ instructions, nor does an Overfion 
Fault occure Operands and results are treated as 


unsigned, positive binary integers. 


Add Logical to Q 036 (8) 


Basic Instruction Format (See Figure 2-1). 


C(Q) + CY) -> C(Q) 


All 
(Indicators not listed are not affected) 


If C(Q) = Oe then ON$ otherwise OFF 


If C(Qv0 = ts then ONS otherwise OFF 


If a carry out of QO is generated, then ON$ ofherwise OFF 


The ADLQG instruction is identical to the ADQ instruction 


with the exception that the Overftow indicator is not 
affected py the ADLQ instruction, nor does an Overfion 
Fault occur. Operands and resulfsS are treated as 


unsigned, positive binary integerse 
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FIXED POINT ADDITION 


Add Logical to Xn 02n (0) 


Basic Instruction Format (See Figure 2-L).e 


For n = Og le eess or 7 as determined dy operation code 


C(Xn) + CLY)0,17 => CliXn) 
Atl except Cl» SCs SCR 
(Indicators not listed are not affected) 


If C(Xn) = 0, then ON$ otherwise OFF 


If C(XnI0 = 1» then ON$ otherwise OFF 


If a carry out of Xn0 is generated, then ON$ otherwise OFF 


Tne ADLXn instruction is identical to the ADXn Instruct ion 
with the exception that the Overflow indicator is not 
affected by the ADLXn instruction, nor does an Overfton 
Fauif occure Operands and results are treated as 
unsigned, positive binary integers. 


Add to Q 076 (0) 


Basic Instruction Format (See Figure 2-1). 


Cq«a) + CLY) => CLQ) 
Att 
(Indicators not listed are not atfected) 


If C(Q) = Oo then ON$ otherwise OFF 
If €(Q)0 = 1, then ON$ otherwise OFF 


If range of Q is exceeded, then ON$ ofnernise OFF 


If a carry out of Q0 is generated, then ON$ otherwise OFF 
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Add to Xn 


Basic Instruction Format (See Figure 2-1). 


O6n (0) 


For n = Oe ie ecos Or 7 as determined by operation code 


CiXn) + CLYI0917 => C(Xn) 
Ali except CI, SC,» SCR 
(Indicators not ‘listed are not affected) 


If Ct(Xn) = 0, then ON$ otherwise OFF 
If C(Xn)0 = 1, then ON$ ofherwise OFF 


If range of Xn is exceeded, then ON$ otherwise OFF 


If a carry out of Xn0 is generated, then ON$ otherwise OFF 


Add One to Storage 

Basic Instruction Format (See Figure 2-1). 
C(Y) + 1 => cy) 

All except DUs Dl» CI, SCs SCR 

(Indicators not listed are not atfected) 


If C¢lY¥) = 0, then ON$ otherwise OFF 
If CCY)0 = 1, then ON$ otherwise OFF 


If range of Y is exceeded, then ON$ otherwise OFF 


054 (0) 


If a carry out of YO is generated, then ON} otherwise OFF 


Attempted repetition with RPL causes ar Ii legal Procedure 


Faulte 
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FIXED POINT ADOITION 


Ada Stored to A 055 (0) 
Basic Instruction Format (See Figure 2-1). 

CCA) + CLY) => CY) 

All except DU, Dl, CI, SCy SCR 

(Indicators not fisted are not affected) 


If CC(Y) = O, then ON$ ofnherwise OFF 
If ClY)0 = 1s then ON$ otherwise OFF 
If range of Y is exceeded, then ON$ otherwise OFF 


If a carry out of YO is generated, then ON$ otherwise OFF 


Attempted repetition with RPL causes an Illegal Procedure 
Fault. . 


Add Stored to Q 056 (0) 
Basic Instruction Format (See Figure 2-1). 

CQ) # CLY) => Cty) 

Alt except DU, DLs CIs SCs SCR 

(Indicators not tisted are not affected) 


If CLY) = Os then ON$ otherwise OFF 
IF CCY)O0 = 1, then ON$ otherwise OFF 
If range of Y is exceeded, then ON$ otnerwise OFF 


If a carry out of YO is generated, then ONS otherwise OFF 


Attempted repetition with RPL causes ar I!ftegal Procedure 
Faulte 
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FIXED POINT ADDITION 


ASXn 


FORMATS 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS? 


Zero 
Negative 
Overfiow 


Carry 


NOTESS 


AWCA 


FORMATS 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS: 


zero 
Negative 


Overflow 


Carry 


NOTESS 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


Add Stored to Xn O4n (0) 


‘a 


Basic Instruction Format (See Figure 2-1). 


For n = O09 is eccos Or 7 as determined oy operation code 


C({Xn)d + ClY) 0017 -> CLY)0,17 
Alf except OU, Di» CI». SCs SCR 
CIndicators not tisted are not affected) 


If ClYIG017 = Oy then ON$ otherwise OFF 


If c€y)0 = 1, then ON$ otherwise OFF 


If range of Y0,17 is exceeded, then ON$ otherwise OFF 


If a carry out of YO is generated, then ON} otherwise OFF 


Attempted repetition with RPL causes an Illegal 


Procedure 
Faulte 
"Add with Carry to A 071 (0) 


Basic Instruction Format (See Figure 2-1). 


If Carry indicator OFF, then C{A) + CtY) => CCA) 


If Carry indicator ON, then CCA) + C(Y) ¢ 1 => CCA) 


All 


(Indicators not tlisted are not affected) 


If COCA) = 0, then ON$ otherwise OFF 


If COAI0 = i, then ONS otherwise OFF 


If range of A is exceeded, then ON$ otnerwise OFF 


If a carry out of AD is generated, then ON$ otherwise OFF 


The AWCA instruction is identical to the ADA instruction 
with the exception that when the Carry indicator is ON at 
the beginning of the instructions, 1 is added to the sum of 
C(A) and C(Y). 
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AWCQ 
FORMATS 


SUMMARY3 


MODIFICATIONS’ 
INDICATORS: 


Zero 
Negative 
Overfion 


Carry 


NOTES: 


REVIEW DRAFT 
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FIXED POINT ADDITION 


Add with Carry to Q ~ 072 tO? 
Basic Instruction Format (See Figure 2-1). 


If Carry indicator OFF, then C(Q) ¢ Cly¥) -> C(Q) 


If Carry indicator ON, then C(Q) + Cly) # 1 => C{Q) 
All 
(Indicators not listed are not affected) 


If C(Q) = 0, then ON} otherwise OFF 

If C(Q)0 = 1, Then ONS otherwise OFF 

If range of Q is exceeded, then ON$§ otherwise OFF 

If a carry out of QO is generated, then ON} otherwise OFF 
The AWca instruction is identical to tre ADQ instruct ion 
witn the exception that when the Carry indicator is ON at 


the beginning of the instruction, 1 is added to the sum of 
C(Q) and C(Y). 
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FIXED POINT SUBTRACTION 


“Elxed"Point=Subtractiona 

SBA Subtract ikon A 175 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARYS CCA) = C(Y) => CA) 


MODIFICATIONSS Ait 


INDICATORSS (Indicators not tlisted are not affected) 

Zero If CCA) = Oy then ON$ otherwise OFF 

Negative If CCA)0 = 1s then ON otherwise OFF 

Overfion If range of A is exceeded, then ON$ otherwise OFF 

Carry If a carry out of AO is generated, then ON$ otherwise OFF 

SBAQ Subtract from AQ 177 (0) 

FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 8 CCAQ) = ClY-pair) -> C(AQ) 


MODIFICATIONS? Atl except DU s Ol, CIs SCs SCR 


INDICATORSS (Indicators not tisted are not affected) 
Zero If CCAQ) = DB, then ON$ otherwise OFF 
Negative If CCAQD0 = is then ON$ otherwise OFF 
Overflow If range of AQ is exceeded, then ON$ otherwise OFF 
Carry If a carry out of AQOD is generated, then ON$ otherwise OFF 
i 
SBLA Subtract Logical from A 135 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 CCA) -— COY) => CCA) 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 2-48 AL39 


MODIFICATIONS? 
INDICATORS? 


zero 
Negative 


Carry 


NOTES3 


SBLAQ 
FORMATS 
SUMMARY 3 
“MODIFICATIONS? 
INDICATORS? 


Zero 
Negative 


Carry 


NOTESS 


SBLQ 


FORMAT? 

SUMMARY 3 

MODIFICATIONS? 
REVIEW DRAFT 


SUBJECT TO CHANGE 
October, 1975 


FIXED POINT SUBTRACTION 


All 
(Indicators not tisted are not affected) 


If CCA) = 0, then ON$ otherwise OFF 

If CCAD = 1, then ON$ otherwise OFF 

If a carry out of AO is generated, ther ON$ otherwise OFF 

The SBLA instruction is identical to tne SBA instruction 
With the exception that the Overflow indicator is not 
affected by the SBLA instruction, nor does an Overflow 


Fault occuUfe Operands and resultS are treated as 
unsigned, positive binary integers. 


Subtract Logical from AQ 137 (0) 
Basic Instruction Format (See Figure 2-1). 

ClUAQ) = ClY-pair) -> C(AQ) 

Alf except DU, Dl, CI, SC, SCR 


(Indicators not fisted are not affected) 


If CtAQ) = D0, then ON$ otherwise OFF 
If CCAQ)0 = 1, then ONS otherwise OFF 

If a carry out of AQO is generated. then ON$ otherwise OFF 
The SBLAQ instruction is identical to the SBAQ instruction 
with the exception that the Overfiow indicator is not 
affected by the SBLAQ instructions, ror does an Overfiow 


Fault occure Operands and results are treated as 
unsigned, positive binary integerse 


Subtract Logical from Q 136 (90) 


Basic Instruction Format (See Figure 2-1). 
CtQ) - ClY) => CQ) 


Alt 
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FIXED POINT SUBTRACTION 


INDICATORS: 


Zero 
Negative 


Carry. 


NOTES? 


SBLXN 


FORMATS 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS? 


Zero 
Negative 


Carry 


NOTES 


SBQ 


FORMAT 


SUMMARY3 


MODIFICATIONSS 


REVIEW ORAFT 
SUBJECT TO CHANGE 
October, 1975 


{Indicators not listed are not aftected) 


If CCQ) = DO, then ON$ otherwise OFF 

If C(Q)0 = 4, then ON$ otherwise OFF 

If a carry out of Q0 is generated, then ON$ otherwise OFF 
Tne SBLQ instruction is identical to the S8Q instruction 
with the exception that the Overflow indicator is not 
affected by the S8LQ instruction, nor does an Overflow 


Fault occure Operands and resuits are treated as 
unsigned, positive binary integers. 


Subtract Logical from Xn 42n (0) 
Basic Instruction Format (See Figure 2-1). 


For. mn = 059 1s ecos Or 7 aS determined by operation code 


C(Xn) - COY)0,17 -> ClXn) 
All except CI, SCs SCR 
(Indicators not listed are not affected) 


If C(Xn) = 0, then ON$ otherwise OFF 
If C(Xn)0 = 1, then ONS otherwise OFF 


If a carry out of Xn0 is generated, then ON$ otherwise OFF 


The SBLXn instruction is identical 
witn the exception that the 


to the SBXn instruction 
Overfion indicator is not 
affected by the SBLXn instruction, nor does an Overfton 
Fault occufre Operands and results are treated as 
unsigned, positive binary integerse 


Subtract from Q 476 (0) 


Basic Instruction Format (See Figure 2-1). 
cca) - ClY) => CCQ) 


At’ 
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SBXn 


SSA 


INDICATORS3 


Zero 


Negative 
Overfton 


Carry 


FORMAT: 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS? 


Zero 
Negative 
Overfiow 


Carry 


FORMATS. 
SUMMARY 2 
MODIFICATIONS? 


INDICATORS: 


Zero 
Negative 
Overfiow 


Carry 


REVIEW DRAFT 
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FIXZ0 POINT SUBTRACTION 


(Indicators not listed are not affected) 


If CCQ) = O, then ON$ otherwise OFF 
If C€Q)0 = 1, then ONS otherwise OFF 
If range of Q is exceeded, then ON$ otherwise OFF 


If a carry out of Q0 is generated, then ONS otherwise OFF 


Subtract from Xn 16n (0) 
Basic Instruction Format (See Figure 2-1). 


For n = Os 1s eess or 7 as determined py operation code 


C(Xn) = ClCY)0,17 => C(Xn) 
All except CI, SC». SCR 
(Indicators not listed are not affected) 


If C{Xn) = 0, then ON$ otherwise OFF 
If C(Xn)D = Ly then ON$ otherwise OFF 
If range of Xn is exceeded, then ON$ otherwise OFF 


If a carry out of Xn0 is generated, then ON3 otherwise OFF 


Subtract Stored from A 155 (0) 
Basic Instruction Format (See Figure 2-1). 
CUA) = CY) => CY) 


All except DU» Ols CIs SC» SCR 


(Indicators not fisted are not affected) 


If CCY) = 05 then ON$ otherwise OFF 
If C¢(y)0 = 1y then ON$ otherwise OFF 
If range of Y is exceeded, then ONS ofrerwise OFF 


If a carry out of YO is generated, ther ON; otherwise OFF 
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FIXED POINT SUBTRACTION 


NOTESS 


ssaQq 


FORMAT? 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS’ 


zero 
Negative 
Over flow 


Carry 


NOTES! 


= 


SSXn 


FORMAT3 


SUMMARY 2 


MODIFICATIONS? 


INDICATORS: 


zero 


Negative 
Overflow 


Carry 


NOTES’ 


REVIEW DRAFT 


SUBJECT TO CHANGE 
October, 1975 


Attempted repetition with RPL causes an Ittegal 


Procedure 
Faulfe : 
Subtract Stored from Q 456 (0) 


Basic Instruction Format (See Figure 2-1). 
CCQ) = ClY) -> CLY) 

All except DU, Dl», CI, SCs SCR 

(Indicators not listed are not affected) 


If ClY) = 0, then ON$ otherwise OFF 
If ClY)0 = 1, then ON$ otherwise OFF 
If range of Y is exceeded, then ONS otnernwise OFF 


It a carry out of YO is generated, then ON} otherwise OFF 


Aitempted repetition with RPL causes an I!ttegal Procedure 
Fault. 
Subtract Stored from Xn 44n (0) 


Basic Instruction Format (See Figure 2-1). 


For n = 0, 1» eces Or 7 as determined by operation code 


C(Xn)d) = CCY)0517 -> CCY)0,17 
All except OU, Dt, CI, SC, SCR 
(Indicators not listed are not affected) 


If ClY¥)0eL7 = O- then ON$ otherwise OFF 


If Cty)0 = 1» then ON$ otherwise OFF 
If range of Y0,17. exceeded, then ON$ ofherwise OFF. 


If a carry out of YO is generated, then ON$ otherwise OFF 


Attempted repetition with RPL causes an Illegal Procedure 
Faulte 
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FIX=0 POINT SUSTRACTION 


SWCA Subtract with Carry from A . 171 (0) 


FORMAT3 Basic Instruction Format (See Figure 2-1). 
SUMMARY? 1f Carry indicator ON, then CA) - CLY) => CCA) 


It Carry indicator OFF, then C(A) = Cl(Y) - 1 => CCA) 


MODIFICATIONS? At} 


INDICATORS: (Indicators not tisted are not affected) 

zero If CCA) = 0, then ON$ otherwise OFF 

Negative If CCA)O = 1, then ON$ otherwise OFF 

Overfion If range of A is exceeded, then ON$ otherwise OFF 

Carry If a carry out of AOD is generated, then ON} otherwise OFF 
NOTESS The SWCA instruction is identical to tne SBA instruction 


with the exception that when the Carry indicator is OFF a1 
the beginning of fhe instruction, +1 is subtracted fron 
the difference of C(A) minus C(Y). The SWCA instruction 

« treats the Carry indicator as the complement of a borrow 
indicator; due to the implementation of negative numbers 
in trots complement form. 


SWCQ Subtract with Carry from Q 172 #(D) 
FORMATS | Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 If Carry indicator ON, then C(Q) - CtY) => C(Q) 


If Carry indicator OFF, then C(Q) - C(Y) = 1 => C(Q) 


MODIFICATIONS? Alt 


INDICATORS? (Indicators not listed are not affected) 
@ 
Zero If C(Q) = 0, then ON$ otnerwise OFF 
Negative If C(Q)0 = 19 then ON$ otherwise OFF | 
Overflow If range of Q is exceeded, then ON$ otnerwise OFF 
Carry If a carry out of Q0 is generated, then ON} ofherwise OFF 


REVIEW DRAFT 
SUBJECT TO CHANGE 
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FIXEO POINT SUBFRACTION 


NOTESS 


REVIEW DRAFT 


SUBJECT TO CHANGE 


October, 


1975 


Tne SHCQ instruction is identical to tne SB8Q instruction 
with the exception that when the Carry indicator is OFF at 
the beginning of the instruction, +1 is subtracted from 
the difference of C(Q) minus C(Y). The SWCQ instruction 
treats the Carry indicator as the comptement of a borrow 
indicator; due to the implementation of negative numters 
in two*s compiement form. 
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FIXED POINT MULTIPLICATION 


“Eixed~Point~Multioticationa 


MPF 


FORMATS 


SUMMARY 8 


MODIFICATIONS? 


INDICATORS? 


Zero 
Negative 


Overflow 


NOTES: 


MPY 


FORMATS 


SUMMARY 8 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


Multiply Fraction | . ei (0) 
Basic Instruction Format (See Figure 2-1de 

CLA) x COY) => CLAQ)s, teft adjusted 

All except CI» SC» SCR 

(Indicators not listed are not affected) 


If CCAQ) = O, then ONS otherwise OFF 

If COCAQ)O0 = 1, then ONS otherwise OFF 

If range of AQ is exceeded, then ON} otherwise OFF 

Two 36-bit fractional factors (including sign) are 


multiplied to form a 71-bit fractional product Cincluding 
Sign), which is stored teft-e-adjusted in the AQ-register. 


.AQ72L contains a zero. Overflow can occur only in the case 


of A and Y containing all ones and the result exceeding 
the combined AQ-register. 


0 0 3 0 0 3 
Pe | ny Relea Seen Pemence ne een eNO Si! ER GENE Se eee PRE me ERE fe 
ti, ! 13 1 
ts l<-m-m-F act oremnermernnn>1 x isi terme factornm-e-er-->)} 


Bo os Se ; cr eee i 
A Register Main Store Location Y 

yielding 

0 0 77 
pe eae & SEARO RAE | CE Oe 
a | 14 
95 9 <n we nn ne ee PO dUC fee nee een nn owe ween nnnoe>] 1} 
a eh TS a ee 

Combined AQ Register 
e 

Multiply Integer . &O2 (0) 


Basic Instruction Format (See Figure 2-1). 


C(Q) x CLlY) => C(AQ), right adjusted 
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FIXED POINT MULTIPLICATION 


MODIFICATIONS? 


INOICATORS? 


Zero 


Negative 


NOTES3 
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Alf except CI, SC, SCR 
(Indicators not listed are not affected) 


If CCAQ) = 0» fhen ON$ ofherwise OFF 


If CCAQ)O = 1,5 then ON$ otherwise OFF 


Two 36-bit integer factors (including sign) are multiplied 
to form a 7i-nit integer product (including Ssign)s which 
is stored in AQ» rignt-adj)usted. AQ0 is filled with an 
“extended sign dit™. 


090 3 00 - 3 
Be Es SEA Se ke NR RE IM P| 9s (SRS ante ee Sa ee ee oh Em 
so | 3 


pe SaaS eae eee : ee eae ek ere EE REN 


Q Register Main Store Location Y 
yielding | 
0900 7 


ts | s 4 feo ooror—-~pro BUC f me ser ener cette cern cewescenococe> ! 
ek eee a ar a 
Combined AQ Register 


In the case of (-2**35) x (-24435). = #2**70, AQL is used 
to represent the product rather than the signe No 
overflow can occur. 
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FIXED POINT DIvistor 


“Eixed“Point-Oivisiona 
DIV Divide Integer S06 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 8 C(Q) # ClY) integer quotient -> C(Q) 
| integer remainder -> CCA) 
MODIFICATIONS? Alt 
INDICATORSS (Indicators not tisted are not affected) 
Zero If Cl(Q) = Oe then ON§ It divisor = 0, then ON$ 
othernise OFF otherwise OFF 
Negative If C€(Q)0 = i, then ON$ If dividend < 0, then ON} 
otherwise OFF otherwise OFF 
NOTES! A 36-bit integer dividend (including sign) is divided by a 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


36-bit integer divisor (including sign) to form a 36-bit 
integer quotient (including sign) and a 36-bit integer 
remainder (including sign)e The remainder sign is equal 
to the dividend sign unless the remainder is zeroe 


00 3 6 0 3 
Dae oe eee Os fie GE eR aR eR OS 
i 3 H 13 i 
ist <m----dividend-<<-2--->)] Jf isi<ere--divisore------->} 
Phos See eee jE ee aI eee Ey 

Q Register Main Store Location Y 
yielding 

0 0 3 060 3 
Re ins ne eR ISO re NEMA pol | [NBs Skee acer Perm ERR DERE. rt 
i | t i 3 ’ 
{st <----remainder------->! ist<----quotient-----<--->3 
f ELE CERNE ee nee eer EE OD fs cS Le ea ETE amen | 


A-Register a-Register 


If the dividend = -2**35 and the divisor = -1 or if the 


divisor = D,» then division does not take place. Instead, 
a Divide Cneck fault occurs, C{Q) contains the dividend 
magnitudes and tne Negative indicator reflects the 


dividend signe 
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FIXED POINT OIVISION 


DOVF 


FORMATE 


SUMMARYS 


MODIFICATIONSS 


INDICATORS? 


Zero 


Negative 


NOTESS 
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Divide Fraction S07 (0) 
Basic Instruction Format (See Figure 2-1). 


C(AQ) 4 CCY) fractional quotient -> CtA) 


fractional remainder -> C(Q) 
All 


{Indicators not listed are not affected) 


lt divisi ' . li livisi tat ' 


If CCAD = 0, 
otherwise OFF 


then ON$ If divisor = 0, 


otherwise OFF 


then ON$ 


If CCAI0 = iso Then ONS 
otherwise OFF 


If dividend < 0, then ON$ 
otherwise OFF 


A 7i-bit fractional dividend (including sign) is divided 


by a 36-bit . fractional divisor yielding a 36-bit 
fractional quotient (including sign) and a 36-bit 
fractional remainder (inc fuding Sign). C(AQ)71 is 


ignored$ bit position 35 of the remainder corresponds to 


bit position : 70 of the dividend. The remainder sign is 
equal to the dividend sign unless the remainder is zero. 
00 7 7 
oe | te Seen ean vere RS a eS | ay a 
i 3 + | 
1S | € mem mmm we ww eww ww enn gi vi dend=-<<mn « ewww emo oe on oee> {x} 
ce Gon Paeeneet Os 
Combined AQ-Register 
o 9 3 
PR | ap ee eee oe 
a | 3 
4 8% <es----divisor------->} 
5 EE Ca eee eee 
Main Store Location Y 
yieiding 
0 90 3 Go 0 3 
-a_1_ Seats eT pra | is Cages One eC ie 
13 : 13 i 
isi <<es<<=- quo tient------>} §s$<----remainder ------- >3 
Ae oe ee eB G2 Seemeeceey pee f 
A-Register Q-Register 
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REVIEW DRAFT 
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FIXED POINT DIVISION 


If tdividend! >= tdivisor! or if the divisor = 0, division 
does not take place. Instead, a Divide Check Fault 
occurs, C(AQ) contains the dividend magnitude in absolute, 
and the Negative indicator reflects the dividend sign. 
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FIXED POINT 


“Elxed™Point=Negatea 


NEG 


NEGL 


NEGATE 


FORMATS 


SUMMARYS 


MODIFICATIONS: 


INDICATORSS 


zero 
Negative 


Over fiow 


NOTES 


FORMATS 


SUMMARY 3 


MODIFICATIONS? 


INOICATORSS 


Zero 


Negative 


Overflow 


NOTESS 


REVIEW DRAFT 
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Negate A 531 (0) 


Basic Instruction Format (See Figure 2-1). 


-CCA) => CCA) if CCAD #4 0D 


Alf, but none affect instruction execution. 
(Indicators not listed are not affected) 


If CCA) = Oy then ON3 otherwise OFF 


If CCAIO = Lf, then ON$ otherwise OFF 
It range of A is exceeded, then ON$ ofrnerwise OFF 
The NEG instruction changes the number in A to its 


negative (Cif # 0). The operation is performed by forming 
the two*s comptement of the string of 36 bitfse 


Attempted repetition with RPL causes an Illegal Procedure 
Faulte 
Negate Long 533 (0) 


Basic Instruction Format (See Figure 2-1). 
~C(AQ) => C(AQ) if C(AQ) # 0 

Ail, but none affect instruction execut ion. 
(Indicators not listed are not affected) 


If CCAQ) = Oy then ON§$ ofherwise OFF 


If C(AQI0 = 1, then ON$ otherwise OFF 


If range of AQ is exceeded, then ON$ otherwise OFF 


The NEGL instruction changes the numoer in AQ to its 
negative (Cif # 0). The operation is oerformed by forming 
the two*s complement of the string of 72 bitse 


Attempted repetition with RPL causes an Lllega! 
Faulte 


Procedure 
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FIXED POINT COMPARISON 


“Eixed™Point"Comparisona 
CMG Compare sagateuge 405 (0) 
FORMAT Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 ICCAD L 33 1C¢CY)3 
MODIFICATIONS? Atl 
INDICATORS3 (Indicators not tisted are not affected) 
Zero If :C(A)2 = 3C0Y13,5 then ON$ otherwise OFF 
Negative If tCtAdi < IC¢V)2, then ONS otherwise OFF 
CMK Compare Masked 211 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY? For i = 09 iy sees 35 
C(Z)i = “CCQIT & (CCADE @ CLY)1) 
MODIFICATIONS: Aj) 
INDICATORS? (Indicators not tisted _— not affected) 
Zero If C(Z) = 0, then ON$ otherwise OFF 
Negative If C¢Z)0 = 1, then ON$ othernise OFF 
NOTES3 The CMK instruction compares the contents of bit positions 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


of A and Y for identity that are not saasked by ai iin the 
corresponding bit position of Qe 


The Zero indicator is set ON if the comparison is 
successful for all bit positions$ ie@es if for all i = Oo 
Leeeesydd there is either: C(A)i = ClYDI (the identical 
case) or C(Q)i = tt (the masked case)$ otherwise, Zero 


® 


indicator is set OFF. 


The Negative Indicator is set ON if the comparison is 
unsuccesSful for bit position 03 ieee if C(AIN B CLY)D 
(they are nonidentical) as wel’ as C(Q)0 = O (they are 
unmasked); otherwise, Negative indicator is set OFF. 
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FIXED POINT COMPARISON 


CMPA 


FORMATS 


SUMMARY 3 


MODIFICATIONSS 


INDICATORS? 


CMPAQ 


FORMAT 3 


SUMMARY: 


MODIFICATIONS? 
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Compare with A 


Basic Instruction Format (See Figure 2-1). 


CCA) 8 CLY) 


Att 


(Indicators not listed are not affected) 


The 


Algebraic Comparison (Signed Binary Operands) 


Z 
0 


N 


Zero 
set as fotlows. 


c 


~~ 


115 (0) 


(Z), Negative (N), and Carry (C) indicators are 


CCA) > CCY) 
CtA) > CCY) 
CcAd = CCY) 
CCA) < CCY) 
Cita) < CCY) 


CCA)0 


C(AD0 


i 


ccy)0 


c(yio 


1, 


ccyyo 


i] 


Logical Comparison (Unsianed Positive Sinary OQoerands) 


Compare with AQ 


Relation 

C(A) < CY) 
Ct(A) = CCY) 
CiA) > CY) 


Basic Instruction Format (See Figure 2-i1)e 


CCAQ) 33 CCY¥-pair) 


All except DU, OL CIy SCy SCR 
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INDICATORS: 
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(Indicators not 


The Zero (2), 
set as follows. 


FIXED POINT COMPARISON 


fisted are not affected) 


Negative {N), and Carry (C) 


indicators are 


Algebraic Comparison {Sianed Binary Operands) 


ZN ££ Relation sign 

0 oOo 0 CCAQ) > CCY=pair) C(AQ)0 = DO, ClY¥-pairdD = 1 
an ee | C(AQ) > ClY-pair) 

i 90 1 CtAQ) = ClY-pair) CUAQID = ClY-pair)o 

(te a | Ct{AQ) < ClY-pair) 

a Se § CdAQ) < C(Y-pair) CCAQID = 1s ClY-pair)O = 8B 
Logical Comparison (Unsigned Positive 3inary Operands) 

Z ¢ ‘Relation 

0 60 CUAQ) < ClY¥—pair) 

1 1 CtAQ) = CtY=pair) 

ee | Ct{AQ) > ClY-pair) 

Compare with Q 116 (0) 


Basic Instruction 


cla) 33 CCyY) 


All 


Format (See Figure 2-1). 


(Indicators not listed are not affected) 


Tne 


Zero 
set as follows. 


(Z), Negative (N), and Carry (C) indicators are 
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FIXED POINT COMPARISON 


CMPXn 


FORMAT? 


SUMMARY 3 


MODIFICATIONS: 


INDICATORS: 
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Algebraic Conoarison (Signed Binary Operands) 


Logical Comparison (Unsigned Positive 3inary Ooerands) 


Z 
ny} 


c 
B 


Relation Sian 
cca) > CCY) C(Q)0 


ctQ) > CY) 


u 


c ta) Cty) ctaye 
ciay < ClY) 


cqq) < CY) c(Q)0 


Relation 
cta? < CCY) 


C¢(Q) cty) 


u 


cf{Q) > Cty) 


Compare with Xn 


tt 


O, C(Y20 


Cty)o0 


1, C(Y)0 


u 


Basic Instruction Format (See Figure 2-1). 


For 


All 


(Indicators not 


The Zero (2), 


n= 0, 


18n (9) 


ds eces Or 7 as determined dy operation code 


C(Xn) 33 CC(YI0,17 


except CIs SCy SCR 


set as follons. 


tisted are not affected) 


Negative (N), and Carry (C) 


indicators 


Aigebraic Comparison {Signed Binary Operands) 


Z 
0 


N 
0 


c 
tt) 


Relation 
C(Xnd) > C4Y30,17 


C(Xn) > ClYID,17 

C(Xn)d = CtYI0,17 

Ci(Xn)d < C(YI0,17 

CiXn)d < C(Y)0,17 
2-64 


2ign 
Ct(Xn)0 


C(Xnd8 


C(Xnd0 


it 


Oy 


C(Y)0 


Cty)0 


ls 


Ctyao 


ul 


are 


AL39 


CWL 
FORMATS 


SUMMARY 8 


MODIFICATIONS? 
INDICATORS3 


zero 


NOTES3 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


FIXED POINT COMPARISON 


Logical Comparison (Unsianed Positive 3inary Operands) 
ZC Relation 


a 690 C(Xn)d < C(Y0,17 
1 1 C(Xn) = CCYI0,17 
061 C(Xn)d > ClY)I0,17 


Compare with Limits 111 (0) 
Basic Instruction Format (See Figure 2-1). 


CCY) 23 closed interval [C(A)§$C(Q)} 


Cty) 33 C(Q) 

All 

(Indicators not listed are not affected) 

If CCA) <= CLY) <= C(Q) or CCA) >= CCY) >= CQ), then ON$ 


otherwise OFF. ; 


The Negative (N) and Carry (C) indicators are set as 
followse 


N ¢ Relation Sian 

068 C(Q) > CCY) C(Q)0 = 0, CCYIO0 = 1 
01 CtqQ) >= CY) C(Q)0 = CCY)0 

1 9 cc@) < CCY) CtQ)0 = CCY)O 

1 1 C(Q) < CCY) C(Q)0 = 1, CCY)IO = 0 


The CWL instruction tests the vatue of C(Y) to determine 
if it is within the range of vafues set by C(A) and C{(Q). 
The comparison of C(Y) with C(Q) locates CCY) with resoect 
to the interval if C(Y) is not contained within the 
interval. 
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FIXED POINT MISCELLANEOUS 


“Eized=Point"Miscellancousa 


SZN 


FORMATS 


SUMMARY 8 


MODIFICATIONS3 


INDICATORS! 


Zero 


Negative 


SZNC 


FORMATS 


“SUMMARY 8 


MODIFICATIONS: 


INDICATORS: 


Zero 


Negative 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


Set Zero and Negative Indicators 

Basic Instruction Format (See Figure 2-1). 
Set indicators according to C(Y) 

All 

(Indicators not listed are not affected) 
Tf Cty) = 0, then ONS otherwise OFF 

If CCY)0 = 1, then ON$ otherwise OFF 

Set Zero and Negative Indicators and Ciear 
Basic Instruction Format (See Figure 2-1). 


Set indicators according to CY) 


ODeee I => cy) 
All except OU. DL, CI, SCe SCR 
(Indicators not iisted are not affected) 


If ClY) = Os then ONe otherwise OFF 


If ClY)0 = 1- then ON$ otherwise OFF 


234 (9) — 


21% (0) 


AL39 


BOOLEAN AND 


~BOOLEAN-OPERATION INSTRUCTIONSA 


“Boolean ANDa 

ANA AND to A 375 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 CtADi & CIYDE => CCADi for i = (De 1s eoos 35) 


MODIFICATIONS? All 


INDICATORS? (Indicators not listed are not affected) 
Zero If CCA) = 0, then ON$ otherwise OFF 
Negative If C(A)0 = 1, then ON$ otherwise OFF 
ANAQ AND to AQ 377 (0) 
-FORMAT3 Basic Instruction Format (See Figure 2-1). 


SUMMARY 3 C{AQ)i & ClY¥-pairdi -> C(AQ)i for i = (De 1s ceeos 712) 
MODIFICATIONS’ Alt except DU, Dl» CIy SC» SCR 


INDICATORS3 (Indicators not listed are not affected) 


Zero «Tf CLAQ) = Dy then ON} otherwise OFF 
Negative If CCAQ)O0 = iy then ONS otherwise OFF 
ANQ AND to Q ; 376 (0) 
FORMAT? Basic Instruction Format (See Figure 2-ilbe 
- SUMMARYS CCQdi & CLYDI => C(Qdi for i = (0, 1s eoeg 35) 


MODIFICATIONS: Alt 


REVIEW ORAFT 
SUBJECT TO CHANGE 
Gctober, 1975 2-67 AL39 


BOOLEAN AND 


INDICATORS: 


Zero 


Negative 


ANSA 


FORMAT: 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS? 


Zero 


Negative 


NOTESS 


ANSQ 


FORMATS 


SUMMARY 3 


MODIFICATIONS: 


INDICATORS? 


Zero 


Negative 


NOTES3 


{Indicators not listed are not affected) 

If C(Q) = 0, then ON$ otherwise OFF 

If C(Q)0 = 1, then ON$ otherwise OFF 

AND to Storage A 

Basic Instruction Format (See Figure 2-1). 
CtAdi & ClYDi -> COYDE For i = (De Ly wees 35) 
All except DU, Ols CI» SCy SCR 

(Indicators not listed are not affected) 


If CCY? = Oy then ON$ otherwise OFF 


If cC€y)0 = 15 Then ONS otherwise OFF 


Attempted repetition with RPL causes an Itlegai 
Fault. 


AND to Storage Q 

Basic Instruction Format (See Figure 2-1). 
C(Q)i & CCY)DG => CCV) for i = (0e 1s secey 35) 
All except DU, DLs CI» SCs SCR 

(Indicators not listed are not affected) 


If ClY) = 0, then ON$ otherwise OFF 


If C(y)0 = is then ON$ otherwise OFF 


Attempted repetition with RPL causes ar Titega!) 
Fault. 


REVIEW DRAFT 
SUBJECT TO CHANGE 


October, 


1975 2-68 


355 (0) 


Procedure 


356 (0) 


Procedure 


AL39 


ANSXn 
FORMAT: 


SUMMARY 8 


MODIFICATIONS? 
INDICATORS’ 


Zero 


Negative 


NOTES3 


ANXn 


FORMATS 


SUMMARY 8 


MODIFICATIONS: 
INDICATORS: 


zero 


Negative 


BOOLEAN ANO 


AND to Storage Xn 34n (0) 
Basic Instruction Format {See Figure 2-1). 


For m = 09 is ecos Or 7 as determined by operation code 


COXMDL & CLYDL <-> COYDE for i = (Dy Ly ovee 17) 
Ail except DU, OL» CI, SCy SCR 
(Indicators not listed are not affectes) 


If C(¥)0,17 = O-, then ON$ otherwise OFF 


If cty)0 = 1, then ON$ otherwise OFF 


Attempted repetition with RPL causes an Illegal Procedure 
Fault. 


AND to Xn . 36n (0) 
Basic Instruction Format (See Figure 2-1). 


For n = Os fe coor Or 7 as determined oy operation code 


CiXndi & ClYDT => C(Xndi for i = (Ds Le eoos 17) 
All except CI, SC» SCR 
(Indicators not listed are not affected) 


If C(Xn) = 0, then ON$ otherwise OFF 


If C(Xn)0 = 1», then ON$ otherwise OFF 


REVIEW DRAFT 
SUBJECT TO CHANGE 


October, 
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BOOLEAN OR 


“Boolean=oRa 

ORA OR to A 275 (0) 
FORMATS | Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 CCADi & CCYDI -> CCADI for i = (Dy ily» he 35) 


MODIFICATIONS’ Alt 


INDICATORS: (Indicators not !tisted are not affected) 


Zero If CCA) = 0, then ON$ otherwise OFF 
Negative © If CCAI0 = 1, then ON$ otherwise OFF 
ORAQ OR to AQ 277 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
~ SUMMARY3 CCAQ)i ¢ ClY-pairdi => CCAQIi for i = (09 Le eves 71) 


MOOIFICATIONSS All except DUs, Dis CIs SC, SCR 


INDICATORS: (Indicators not listed are not affected) 
Zero If C(AQ) = Bs then ON$ otherwise OFF 
Negative If CCAQ)0 = 1, then ONS otherwise OFF 
ORQ OR to Q 276 (0) 
FORMAT? Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 C(Q)1 § COYDE => C(Q)i for i = (0s 1s seesg 35) 


MODIFICATIONSS All 

INDICATORS: (Indicators not listed are not affected) 
Zero If C(Q) = Oe then ONS otherwise OFF 
REVIEW CRAFT 


SUBJECT TO CHANGE 
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ORSA 


Negative 


FORMATS 


SUMMARY 8 


MODIFICATIONS? 


INDICATORS? 


Zero. 


Negative 


NOTES3 


orsa* 


FORMAT? 


SUMMARY 8 


MODIFICATIONS? 


INDICATORS? 


Zero 


Negative 


NOTESS 


REVIEW DRAFT 


BOOLEAN OR 


If C(Q)0 = ly Then ON$ otherwise OFF 


OR to Storage A 255 (0) 


Basic Instruction Format (See Figure 2-1). 


CUADi 1 COYDE => COYLE for i = (Ds te eocy 35) 


Ali except DU » DL, CIs SCs SCR 
(Indicators not listed are not affected) 


If ClY) = Os then ON$ otfthernise OFF 


If cty)di = 1, then ON$ otherwise OFF 


Attempted repetition with RPL causes an Illegal Procedure 
Faulte 


OR to Storage Q ‘256 (0) 
Basic Instruction Format (See Figure 2-1). 

capi 1 COVE => CCY) for i = (Os Ly coos 35) 

All except OU, Dl» CI, SCy SCR 

(Indicators not listed are not atfectes) 

If CtY) = 0s then ON$ ofhernwise OFF 

If cty)0 = 1, then ON$ otherwise OFF 

Attempted repetition with RPL causes an Illegal Procedure 


Faulte 


SUBJECT TO CHANGE 


Cctober, 1975 
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BOOLEAN OR 


ORSXn 


FORMAT? 


SUMMARY3 


-MODIFICATIONSS 


INDICATORS? 


zero 


Negative 


NOTES3 


ORXN 


FORMATS 


SUMMARY 3 


MODIFICATIONS: 


INDICATORS? 


Zero 


Negative 


OR to Storage Xn 24n (0) 


Basic Instruction Format (See Figure 2-1). 


For n = Oy 1s eees Or 7 as determined sy operation code 


CixXndi & CUYD -> CY) for i = (Be Ly eoos 17) 


Ail except OUse DL» CIs SC,» SCR 


(Indicators not listed are not affected) 


If ClY)0¢17 = Oy then ON$ otherwise OFF 


If CC€y)0 = is then ON}5 otherwise OFF 


Attempted repetition with RPL causes an [I] fegal Procedure 
Fault. 
OR to Xn 26n (0) 


Basic Instruction Format (See Figure 2-1). 


For nm = Dy te eves or 7 as determined oy operation code 


Cixndi &§ CLOYDL -> COXn)i for i = (0, As esos 17) 
All except CI, SC, SCR 
(Indicators not listed are not affected) 


If C(Xn) = 0, then ON$ otherwise OFF 


If COXn)0 = 1, then ON§: otherwise OFF 


REVIEW DRAFT 
SUBJECT TO CHANGE 


October, 1975 2-72 
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BOOLEAN EXCLUSIVE OR 


“Boo tean"Exciusive"ORa 

ERA EXCLUSIVE OR to A ) 675 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 8 CCADi O CLYDE -> CADE for i = (Oy Le eoes 35) 


MOOIFICATIONSS Als 


INDICATORS? © (Indicators not listed are not affected) 
zero If CCA) = De then ON$ ofherwise OFF 
Negative If C(A)0 = 1, then ON$ otherwise OFF 
ERAQ EXCLUSIVE OR to AQ | 677 (0) 
FORMATS Basic Instruction Format eee Figure sails 
_SUMMARY? CCAQVA @ CLY-pairdi -> CCAQIL for 1 = (Oy Ly cosy 72) 


MODIFICATIONS? All except DU, Di» CI» SC» SCR 


INDICATORS: (Indicators not listed are not affected) 
Zero If CCAQ) = Dy then ON$ otherwise OFF 
Negative If C(AQI0 = 1, then ON$ otherwise OFF 
ERQ EXCLUSIVE OR to Q 676 (0) 
FORMATS  - Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 C(Q)i @ CCYDI => C(Q)di for 1 = (Ds Le ceoeg 35) 


MODIFICATIONS? Ail 


INDICATORS? (Indicators not tisted are not affected) 


Zero If C(Q) = Oy then ON$ otherwise OFF 


REVIEW ORAFT 


SUBJECT TO CHANGE 
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BOOLEAN EXCLUSIVE OR 


ERSA 


ERSQ 


Negative 


FORMAT3 
SUMMARY 8 
MODIFICATIONS? 
INDICATORSS 


Zero 


Negative 


NOTESS 


FORMATS 
SUMMARYS 
MODIFICATIONS: 
INDICATORS3 


Zero 


Negative 


NOTES3 


REVIEW DRAFT 


If C(Q)0 = 1y then ON§$ otherwise OFF 


EXCLUSIVE OR to Storage A 
Basic Instruction Format (See Figure 2-1). 
CCADi @O ClY)i -> CLY)G for i = (Oe Ly eooy 35) 


Alt except OU, Ols CIe SCs SCR 


(Indicators not listed are not affected) 


If Cc(yY) = 0», then ONS otherwise OFF 


If CtY)0 = 2, then ON} otherwise OFF 


Attempted repetition with RPL causes a% Ii legal 
Fault. : 


EXCLUSIVE OR to Storage Q 
Basic Instruction Format (See Figure 2-1). 
C(Q)i 8 CLY)DI -> CUYD) i for i = (De Ley cees 35) 


All except OU, Ole CIs SCe SCR 


{Indicators not listed are not affected) 


If C(Y¥) = 0, then ON$ otherwise OFF 


If C(Y)0 = 4, then ON$ otherwise OFF 


Attempted repetition with RPL causes ar LIilegal 
Fault. 


SUBJECT TO CHANGE 


Cctobere 1975 


2-74 


655 (0) 


Procedure 


656 (0) 


Procedure 


AL39 


Z3OOLEAN EXCLUSIVE OR 


ERSXn EXCLUSIVE OR to Storage Xn 64n (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 For n = Oo 1,» eoeo,s Or 7 as determined avy operation code 


C(Xn)i OO CLYDI -> CCY)i for & = (Dy 15 coos 17) 
MODIFICATIONS? Al’ except OU, OL, CI, SC, SCR 


INDICATORS3 (Indicators not ftisted are not affected) 


zero If CtlvY)0,17 = 0, then ONS otherwise OF? 
NOTES3 Attempted repetition with RPL causes an Iltegai Procedure 
Fault. 
ERXn EXCLUSIVE OR to Xn 66n (0) 
aF ORMATS . Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 For n = 0, is eosy Or 7 as determined by operation code 


C(Xndi 8 COV => COXndi for i = (Os 13 coos 17) 


MODIFICATIONS: All except CI» SCs SCR 


INDICATORS: {Indicators not tisted are not affected) 
Zero If C(Xn) = Dy then ONS ofherwise OFF 
Negative If CtxXnd0 = 1, then GN$ otherwise OFF 


REVIEW ORAFT 
SUBJECT TO CHANGE. 
Octobere. 1975 2-75 : AL39 


~Boolean“Comoarative"“And 


CANA Comparative AND with A 315 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 8 C(Z)i = COAL & CLYDE for i = (De Le eves 35) 


MODIFICATIONS? All 


INDICATORS: (Indicators not listed are not affected) 


ZERO If C(Z) = Oy then ON$ otherwise OFF 


Negative If C(Z)0 = 1, then ON} otherwise OFF 


C ANAQ Comparative AND with AQ 317 (90) 
FORMATS Basic Instruction Format (See Figure 2-1). 
~ SUMMARY 8 C(Z)i = CCAQII & ClY-pairdi for i = (Os ts ecos 71) 


MODIFICATIONS: All except DU, OL, CI, SC, SCR 


INDICATORS: (Indicators not listed are not affected) 
Zero If Ct(Z) = Dy then ON$ otherwise OFF 
Negative If C(Z)0 = 1, then ON} otherwise OFF 
CANQ Comparative AND with Q 316 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY32 C(Z)i = COQ & COYDG for i = COs 1s eoes 35) 


MODIFICATIONS? All 


INDICATORS? {Indicators not listed are not affected) 


ie 


ZERO If C(Z) = 0, then ON$ otherwise OFF 


REVIEW DRAFT 
SUBJECT TO CHANGE 
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Negative 


CANXn 


FORMAT? 


~ SUMMARYS 


MODIFICATIONSS 


INOICATORSS 


Zero 


Negative 


REVIEW DRAFT 


BOOLEAN COMPARATIVE AND 
It €C(Z)0 = 1, then ONS otherwise OFF. 


Comparative AND with Xn ‘ 30n (0) 
Basic Instruction Format (See Figure 2-1). 


For nm = Oo 1s eeey Or 7 as determined oy operation code 


CiUZ)i = C(Xndi & ClY)i for i = (0, Ly woes 17) 
All except CI, SC, SCR 
(Indicators not tisted are not affected) 


If C(Z) = 0, then ON$ otherwise OFF 


Tf C(Z)0 = 15 then ON$ otherwise OFF 


SUBJECT TO CHANGE 
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BOOLEAN COMPARATIVE NOT 


CNAA 


FORMATS 


SUMMARY 8 


MODIFICATIONS? 


INDICATORS3 


Zero 


Negative 


CNAAQ 


FORMAT? 


SUMMARY 3 


2 


MODIFICATIONS? 


INDICATORS: 


Zero 


Negative 


CNAQ 


FORMATS 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS: 


Zero 


Negative 


REVIEW DRAFT 


Comparative NOT with A 


Basic Instruction Format 


C(Z)i = COADI 


All 


& “CCYDi 


(See Figure 2-1). 


for i = (05 1» 


(Indicators not listed are not affected) 


If C(Z>} = 05 then ON5 


If CqZ)0 = 1, 


otherwise OFF 


then ON3$ otherwise OFF 


Comparative NOT with AQ 


Basic Instruction Format (See Figure 2-1). 


C(Z)i = 


All except DU, 


OL, 


COAQDi & “ClY¥-pair)i for i = 


CI, 


SC. SCR 


(indicators not listed are not affected) 


If C(Z) = 0, then ONS5 


Tf C(Z)0 = i, 


Comparative NOT with Q 


otherwise OFF 


then ON$ otherwise OFF 


Basic Instruction Format (See Figure 2-1). 


C(Z)i = 


At} 


{Indicators not 


If CZ) = 


If C(Z)0 = i, 


SUBJECT TO CHANGE 
October, 1975 


C(Q)i & “CCYDi for i = 


(Os is 


fisted are not affected) 


0e tnen ONS 


otherwise OFF 


then ON$ otherwise OFF 


2-78 


(Oy Le 


215 (0) 
35) 
217 (0) 
ees 71) 
216 (0) 
35) 
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CNAXn 


FORMATS 


SUMMARY 3 


MODIFICATIONSS 


INDICATORSS 


Zero 


Negative 


REVIEW DRAFT 


BOOLEAN COMPARATIVE NOT 


Comparative NOT with Xn 20n (0) 
Basic Instruction Format (See Figure 2-1). 


For n = Og ty wees OF 7 as determined oy operation code 


CiZDi = CUXndDi & TCEYDE for i = (Oy Ls cece 17) 
All except CI, SC, SCR 
{Indicators not listed are not affected) 


If CZ) = 0, then ON$ otherwise OFF 


If C(Z90 = 1, then ON$ otherwise OFF 


SUBJECT TO CHANGE | | 
Uctobers 1975 2-79 .  -AL39 


FLOATING POINT DATA MOVEMENT LOAD 


“ELOATING "POINT" ARITHMETICA_INSTRUCTIONS 


“Eloating“Point Data~Movement Loada 


DFLO 


FORMATS 


SUMMARY 8 


MODIFICATIONS? 


INDICATORS? 


Zero 


Negative 


FLD 


FORMATS 


SUMMARY: 


MODIFICATIONS? 


INDICATORS? 


Zero 


Negative 


REVIEW GRAFT 
SUBJECT TO CHANGE 
October, 1975 


Double Precision Floating Load 


Basic Instruction Format (See Figure 2-1)e 


C{Y¥-pair)0,7 -> CE) 
C{Y¥-paird8,71 -> CCAQI0,63 


D000 -—> CL(AQ) 64,71 

All except DU, Dt» CIs SCs SCR 
(Indicators not fisted are not affected) 
If CCAQ) = Oy then ONS otherwise OFF 

If COAQ)O = 1, then ONS otherwise OFF 
Floating Load 


Basic Instruction Format (See Figure 2-1). 


ClY)057 -> CE) 
CCY¥)8,35 -> C(AQ)0,27 


ODeee DB => C(AQ) 305 71 
Alt except CI, SC» SCR 
(Indicators not tisted are not affected) 


If C(AQ) = 0, then ONS ofherwise OFF 


IF CCAQ)O = 1, then ON} otherwise OFF 


433 (0) 


431 (0) 


AL39 


FLOATING POINT DATA MOVEMENT STORE 


“Eloatina"-Point Data“Movenent Storea 


DFST 
FORMATS 


SUMMARY? 


MODIFICATIONS’ 
INDICATORS3 


NOTES: 


DFSTR 
FORMAT? 
“SUMMARYS 
MODIFICATIONS’ 
INDICATORS: 


Zero 
Negative 


Exponent 
Over fiow 


Exponent 
Under f iow 


NOTES3 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


Double Precision Floating Store | . 457 (0) 
Basic Instruction Format (See Figure 2-1). 


Cl(E} -> ClY¥-pair)0,7 


Ct{AQ)0,63 -> ClY-paird8,71L 
Alf except OU, Dl» CI, SCy SCR 
None affected 


Attempted repetition with RPL causes a3 TIiftegal Procedure 
Faulte 


Double Precision Floating Store Rounded 472 (0) 
Basic Instruction Format (See Figure 2-1). 

C{EAQ) rounded -> C(Y-pair) 

Ail except DU, DL, CIs SCy SCR 

(Indicators not listed are not affected) 


If ClY-pair) = floating point 0, then 3N$ otherwise OFF 
If CCY¥-pair)8 = 1, then ON$ otherwise IFF 


If exponent is greater than #127, then ON} otherwise OFF 


Tf exponent is tess than -128, then ON$ otherwise OFF 


The DFSTR instruction performs a dousie precision true 
round and normalization on C(EAQ) as it is stored. 


The definition of true round is tocated under the 
description of the Floating Round (FRD) instructione 


The definition of normalization is located under the 
description of the Floating Normaliz2 (FNO) instruction. 


Except for tne precision of the stored result, the ‘DFSTR 
instruction is identical to the FSTR lastructione 


2-81 AL39 


FLOATING POINT DATA MOVEMENT STORE 


Attempted repetition with RPL causes an I} legal! 


Procedure 


Faul te 
FST Floating Store &55 (0) 
FORMAT: Basic Instruction Format (See Figure 2-1). 
SUMMARY 2 C(E) => ClY)0,7 
C(AI0,27 ~-> CCY)8,35 
MODIFICATIONS? All except DU, Dt, CIe SCy SCR 
INDICATORSS None affected 
NOTES3 Attempted repetition wifh RPL causes a. Iltegal Procedure 
Fault. 
FSTR Floating Store Rounded 470 (0) 
FORMAT? Sasic Instruction Format (See Figure 2-1). 
SUMMARY 8 C(EAQ) rounded =-> CY) 
MODIFICATIONS: All except DU, Dly CI~e SCe SCR 
INDICATORS? (Indicators not listed are not affected) 
zero If Cty) = fioating point Oy tnen ON$ otherwise OFF 
Negative If ClY)8 = 1, then ON3$ otherwise OFF 
Exponent If exponent is greater than #127, then ON$ otherwise OFF 
Overflow 
Exponent If exponent is less than -128, then ON$ otherwise OFF 


Under fiorw 


NOTESS3 The FSTR’ instruction performs 


normalization on C(EAQ) as it is stored. 


The definition of true round is 
description of the Floating Round (FRO) 


The definition of normatization§ is 
description of the Floating Normalize 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, i975 2-82 


round and 
under the 
instructione 


under the 
instructione 


AL39 


FLOATING POINT DATA MOVEMENT STORE 


Steps in the execution may be thought of as follows; 
Execute FNO 
Execute FST 
Restore C(EAQ) to original valuese 


Attempted repetition with RPL causes an Illegal Procedure 
Faulte 


REVIEW ORAFT 
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FLOATING POINT ADDITION 


“Eloatina“Point Additiona 
DFAO Dounle Precision Floating Add 477 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 (CCEAQ) + ClY-pair)) normalized -> C{EAQ) 
MODIFICATIONS: Ali except OU, Ol, CI» SC» SCR 
INDICATORS3 (Indicators not listed are not affected) 
Zero If CCAQ) = Oy then ON$ otherwise OFF 
Negative If CCAQ)0 = 1, then ON$ otherwise OFF 
Exponent If exponent is greater than #127, then ON$ otherwise OFF 
Overfiow ; 
Exponent If exponent is tess than -128, then ON3 otherwise OFF 


Under f low 


Carry 


NOTES: 


DUFA 
FORMAT? 
SUMMARY? 


MODIFICATIONS? 


REVIEW DROFT 
SUBJECT TO CHANGE 
October, 1975 


If a carry out of AQO is generated, then ON$ otherwise OFF 


The DFAD instruction may be thought of as a Double 
Precision Unnormalizard Fioating Add (OUFA) instruction 
folloned by a Floating Normalize (FNO) instruction. 


The definition of normalization is tocated under the 
description of tne Floating Normalize (FNO) instruction. 


Double Precision Unnormalized Floating Add &37 (0) 
Basic Instruction Format (See Figure 2-1). 
CCEAQ) + ClY-pair) -> C{EAQ) 


Al) except DU, Dl, CIs SC» SCR 


2-84 AL39 


FLOATING POINT ADDITION 


INDICATORS3 (Indicators not tisted are not affected) 
Zero If C(AQ) = Dy, then ON ofhherwise OFF 
Negative If C(AQ)0 = 2, then ONS otherwise OFF 
Exponent If exponent is greater than #127, then ON$ otherwise OFF 
Overfiow 
Exponent If exponent is tess than -128, then ON$ otherwise OFF 
Under f low 
Carry If a carry out of AQO is generated, then ON$ otherwise OFF 
NOTES3 Except for the precision of tne mantissa of the operand 


from main store, the DUFA instruction is identical to the 
UFA instructione 


FAD : Floating Add &75 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY® (C(EAQ) © CLY)) normalized -> CCEAQ) 


» 


MODIFICATIONS: All excepf CIs, SCs SCR 


INDICATORS: (Indicators not listed are not affected) 


Zero If ClAQ) = 0, then ON} otherwise OFF 

Negative If CUCAQ)0 = 1, then ON$ otherwise OFF 

Exponent If exponent is greater than +127, then ON$ otherwise OFF 

Overflow 

Exponent If exponent is tess fhan -128, then ON$ ofherwise OFF 

Under flown : 

Carry If a carry out of AQO Is generated, then ON$ otherwise OFF 
NOTES3s The FAD instruction may be thought of a an Unnormatized 


Floating Add (UFA) instruction followed by a Floating 
Normalize (FNS) instruction. 


Tne definition of normalization is tocated under’ the 
description of fhe Floating Normalize (FNO) instruction. 


REVIEW ORAFT 
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FLOATING POINT ADDITION 


UFA 
FORMATS 
SUMMARY 3 
MODIFICATIONS: 
INDICATORS? 


zero 
Negative 


Exponent 
Over flow 


Exponent 
Under ftow 


Carry 


NOTES3 


REVIEW DRAFT 
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Unnormatlized Floating Add &35 (0) 
Basic Instruction Format (See Figure 2-1). 

CCEAQ) + CCY) -> CCEAQ) 

Alt except CI. SCs SCR 

(Indicators not listed are not affected) 


If CCAQ) = DO, Then ONS otherwise OFF 
If CCAQ)0 = 15 then ON $ otherwise OFF 


If exponent is greater than #127, then ON$ otherwise OFF 
If exponent is less than -128, then ON$ otherwise OFF 
If a carry out of AQOD is generated, then ON} ofherwise OFF 


The UFA instruction is executed as follons: 

The mantissas are aligned by shifting fhe mantissa of 
the operand having the algebraicai ly smatier exponent 
to the right the number of places equal to the 
absolute value of the difference in the two 
exponents. Bits shifted beyond the bit position 
equivalent to AQ71 are lost. 
The algebraically larger exponent replaces C(E). 
The sum of the mantissas reptaces C(AQ). 
If an overflow occurs during addition, then$ 

C{AQ) are shifted one place to the righte 

C{AQ)0 is inverted to restore the signe 


C(E) is increased by one. 
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OFSB 


DUFS 
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Double Precision eieShing Subtract 577 (0) 

Basic Instruction Format (See Figure 2-1). 
(C(EAQ) - ClY¥-pair)) normalized -> CC(EAQ) 

All except DU», DL» CIs SCe SCR 


(Indicators not listed are not atfected) 


If C(CAQ) = Oy then ON$ otherwise OFF 
If CC(AQ)0 = ly, then ON; otherwise OFF 


If exponent is greater than #127, then ON$ otherwise OFF 
If exponent is tess than -128, then ON} otherwise OFF 
If a carry out of AQO is generated, then ON$ otherwise OFF 


The DFS8 instruction is identical to the Double Precision 
Floating Add {DOFAD) instruction witn the exception that 
tne 2°%s complement of the mantissa of the operand from 
main store is usede 


Double Precision Unnormalized Floating Subtract S37 (0) 
3asic Instruction Format (See Figure 2-1). 
C(EAQ) = ClY¥-pair) => C{EAQ) 


Ait except DU, DL, CI» SC, SCR 


(Indicators not tisted are not affected) 


If C(AQ) = 0, then ON$ otherwise OFF 
If C(AQ)0 = 1, then ON$ otherwise OFF 


If exponent is greater than #127, then ON$ otherwise OFF 


If exponent is tess than -128, then ON$ otherwise OFF 
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If a carry out of AQO is generated, th2n ON$ otherwise OFF 


Except for the precision of the mantissa of the operand 
from main store, the DUFS instruction is indentical with 
the UFS instructione 


Floating Subfract 575 (0) 
Basic Instruction Format (See Figure 2-1). 

(CCEAQ) - CLY)) normalized -> CI(EAQ) 

All except CI, SC, SCR 

(Indicators not tisted are not affected) 


If CCAQ) = Oy then ON3 otherwise OFF 
If C(CAQ)B = 1, then ON$ otherwise OFF 


If exponent is greater than +127. then ON; otherwise OFF 
If exponent is tess than -128, then ON$ otherwise OFF 
If a carry out of AQO is generated, then ON$ otherwise OFF 


The FSB instruction may be thought of as an Unnormaizied 
Floating Subtract (UFS) instruction foltoned by a Floating 
Normalize (FNO) instruction. 


Tne definition of normalization is located under the 
description of the Floating Normatize (FNO) instruction. 


Unnormalized Floating Subtract 535 (0) 
Basic Instruction Format (See Figure 2-1). 


CCEAQ) - CCY) ~> CCEAQ) 


All except CI, SC, SCR 
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FLOATING POINT SUBTRACTION 


(Indicators not listed are not affected) 


If CtAQ) = 0, then ON$ otherwise OFF 
If Ct(AQ)0 = 1s then ON$ ofherwise OFF 


If exponent is greater than +127, then ON$ otherwise OFF 
If exponent is less than -128, then ONS otherwise OFF 
If a.carry out of AQO is generated, then ON$ otherwise OFF 


The UFS instruction is identical to the Unnormalized 
Floating Add (UFA) instruction with the exception that the 
2°s complement of the mantissa of tre operand from main 
store is used. 
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“Eloating“Point Multiniicationa 


DFMP 


‘DUFM 


FORMATS: 


SUMMARY 8 


MODIFICATIONSS 


INOICATORSS 


Zero 
Negative 


Exponent 


Over fiow 


Exponent 
Under f low 


NOTES3 
« 


FORMAT? 
SUMMARY 3 
MODIFICATIONS? 


INDICATORS3 


Zero 
Negative 


Exponent 
Overflow 


Exponent 
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Double Precision Floating Muitipty 463 (0) 
Basic Instruction Format (See Figure 2-1). 

(CCEAQ) x ClY¥-pair)) normalized -> CCEAQ) 

Atl except DUs Dl» CI, SCe SCR 


{Indicators not tisted are not affected). 


If CC AQ) = 0s then ON$ otherwise OFF 
If CCAQ)0 = 1, fhen ON$ otherwise OFF 


If exponent is greater than #127, then ONS otherwise OFF 


If exponent is tess than +128, then ON$ otherwise OFF 


The DFMP instruction may be thought of as a Double 


Precision Unnormal ized Floating Multiply (DUFM) 
instruction followed by a Floating Normatize (FNO) 
insfructione 


The definition of normatization is located under the 
description of tne Floating Normalize (FNO) instruction. 


Double Precision Unnormalized Floating Multiply &23 (0) 
Basic Instruction Format (See Figure 2-1). 
C(EAQ) x ClY-pair) => C(EAQ) 


Alt except DU, Dl, CI, SCs SCR 


(Indicators not listed are not affected) 


If CCAQ) = DO, then ON$ otherwise OFF 
If C(AQ)9D = 21, then ON$ otherwise OFF 


If exponent is greater than +127, then ON$ otherwise OFF 


If exponent is less than -128, then ON$ otherwise OFF 
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FLOATING POINT MULTIPLICATION 


Except for the precision of the mantissa of the operand 
from main store, the DUFM instruction is identical to the 
Unnormalized Floating Multiply (UFM) instruction. 


Floating Multiply 461 (0) 
Basic Instruction Format (See Figure 2-1). 

(CCEAQ) x CLY)) normatized -> C(EAQ) 

Alt excepf CI» SC, SCR 

(Indicators not listed are not affected) 


If CCAQ) = O, then ON$ otherwise OFF 
If CCAQ)D = Le then ON$ ofherwise OFF 


If exponent is greater than +127, then ON$ ofherwise OFF 


If exponent is less than -128, then ON$ otherwise OFF 


The FMP instruction may be thought of as an Unnormatized 
Floating Multiply (UFM) instruction followed by a Floating 
Normalize (FNO) instruction. 


Tne definition of normalization is tocated under fhe 
description of the Floating Normalize (FNO) instruction. 


Unnormatized Floating Multiply : 421 (0) 
Basic Instruction Format (See Figure 2-1). 
CCEAQ) x CLY) => CLEAQ) 


All except CI. SC. SCR 
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(Indicators not listed are not affected) 


If CCAQ) = 0, fhen ON$ otherwise OFF 
If C(CAQ)0 = 1, then ONS otherwise OFF 


If exponent is greater than +127, then ON$ otherwise OFF 


If exponent is tess than -128, then ON$3 otherwise OFF 
e 


The UFM instruction is executed as follows? 

ClE) + ClLYI0,7 -> CCE) 

(COAQ) x CCY)8,55)0571 -> CCAQ) 
A normalization is performed only in the case of both 
factor mantissas being 100e-.0 which is the 2*°s complement 


approximation to the decimal value -1.0- 


The definition of normalization is tocated under the 
description of the Floating Normalize (FNO) instruction. 
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Doupie Precision Floating Divide Inverted _ 527 (0) 
Basic Instruction Format (See Figure 2-1). 
C(Y-pair) / CCEAQ) => CCEAQ) 

Alt except DU, Ole CI, SCy SCR 

(Indicators not listed are not affected) 


Ili.division takes place: If_no division takes plecet 


If C(AQ) = BO, then ONS If divisor mantissa = 0, 
otherwise OFF then ON$ otherwise OFF 

If CCAQ)0 = 1, then ONS If dividend < 0, then ONS 
otherwise OFF otherwise OFF 


_If exponent is greater than +1275 then ON$ ofherwise OFF 


If exponent is less than -128, then ON} otherwise OFF 


Except for the interchange of the roles of the operands, 
the execution of the OFOI instuction is identical to the 
execution of the Double Precision Floating Divide (0OFDV) 
instructione 


If the divisor mantissa C(AQ) is zero, the division does 
not take placee Instead, a Divide Check Fault occurs and 
ali registers remain unchangede. 


Double Precision Floating Divide 567 (0) 
Basic Instruction Format (See Figure 2-1). 


CUEAQ) / ClY-pair) -> C(EAQ) - 


All except DU, Dl» CI, SCy SCR 
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{Indicators not listed are not affected) 


itdivision takes place2 If_no division takes pisces 


If CCAQ) = Gy then ON$ If divisor mantissa = 0, 
otherwise OFF then ON$ otherwise OFF 

If C(AQIO = 1, then ONS It dividend < 0, then ON$ 
otherwise OFF otherauise JFF 


It exponent is greater than +127, then ON$ otherwise OFF 


It exponent is tess than -128, fhen ONS otherwise OFF 


The DFOV instruction is executed as follows? 
The dividend mantissa C(AQ) is shifted right and fhe 
dividend exponent C(E) increased accordingly until 
1C(AQ)0,63% < $C (Y¥-pair) 8,713. 
CCE) = Cl¥=-pair) 0,7 -> CCE) 
CCAQ) J ClY-pair)8,71 => C(AQ)0,63 
ODeee 0 -> C(Q)64,71 
Tf the divisor mantissa C(Y-pair)8,71 is zero, the 
division does not take place. Instead, a Divide Check 


fault occurs, Ct(AQ) contains the dividend magnitude, and 
the Negative indicator reflects the dividend sign. 


Floating Divide Inverted 525 (0) 
Basic Instruction Format (See Figure 2-1). 


C(Y) 7 CCEAQ) -> CLEA) 
ODeeeD ~> C(Q) 


All except CI. SC, SCR 
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FLOATING POINT DIVISION 


(Indicators not fisted are not affected) 


Iidivision takes place: It_no division takes plzce? 


It COA) = DO, then ONS If divisor mantissa = 0, then 
otherwise OFF ON$ otherwise OFF 

If CCAIN = Oe then ONS - Yf dividend < 0, then ONS 
otherwise OFF otherwise IFF 


If exponent is greater than #127. then ON$ othernuise OFF 


If exponent is less than -128, then ON$ otherwise OFF 


Except for the interchange of roles of the operands, the 
execution of the FDI instruction is identical to the 
execution of the Floating Divide (FOV) instruction. 


If the divisor mantissa C(AQ) iS zeros the division does 
not take placee Instead, a Divide-Check fault occurs and 
ail the registers remain unchangede 


Floating Divide ' 565 (0) 
Basic Instruction Format (See Figure 2-1). 


C(EAQ) / CLY) => CCEA) 


DOeeeD -> ctaQ) 
Ail except CI ¢ SCe SCR 
(Indicators not tisted are not affected) 


Ii-_division takes places ii.na division fakes places 


If CCA) = Dy, then ON3 If divisor mantissa = 0, then 
otherwise OFF ON$ otherwise OFF 
If CCAI0 = iy then ON5 If dividend < 0, then ON$ 

@ 
otherwise OFF othernise OFF 


It exponent is greater than #127, then ON; otherwise OFF — 


If exponent is fess than -128, then ON$ otherwise OFF 
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The FOV instruction is executed as follows; 
The dividend mantissa C(AQ) is shifted right and the 
dividend exponent C(E) increased accordingly until 
$0C€AQ)0,273 «< 1007) 8,353. 
CCIE) - CCY)0,7 -> CCE) 
CCAQ) 4 ClY)8,35 -> CCA) 
ODeeeD -> CQ) 
If the divisor mantissa C(Y)8,35 is zero, the division 
does not take place. Instead, a Divide Check fault 


occurs, C(AQ) contains the dividend magnitude, and the 
Negative indicator refiects the dividend sign. 
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FLOATING POINT NEGATE 


“Eloatina™Point Negated 
FNEG Floating Negate 513 (9) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 -C(AQ) normalized -> C(AQ) 
MODIFICATIONS? All, but none affect instruction execution. 
INDICATORS? (Indicators not listed are not affected) 
Zero If C(AQ) = 9, then ONS otherwise OFF 
Negative If CCAQIO = 1, then ONS othernise OFF 
Exponent If exponent is greater than +127, then ON$ otherwise OFF 
Overftion 
Exponent If exponent is less than -128, then ON} otherwise OFF 


Under floun 


NOTES: 


* 
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This instruction changes the number in CCEAQ) to ifs 
normalized negative (if Ct(AQ) # 0). The operation is 
executed by first forming the tnHo°s complement of C{AQ), 
and then normalizing C(EAQ). 


Even if originally C{EAQ) were normalizeds an exponent 
overflow can still occurs namely when CCE) = +127. and 


CCAQ) = 100eee 0 which is the 2*°s compliement approximation 
for the decimal value <-1e0. 


The definition of normalization may be found under the 
description of the Floating Normalize (FNO) instruction. 


Attempted repetition with RPL causes an Lilegal Procedure 
Fault. 
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“ELloating=Polint Normatized 


FNO Floating Normalize 573 (0) 

FORMATS Basic Instruction Format (See Figure 2-1). 

SUMMARY 8 CCEAQ) normalized -> CC(EAQ) 

MODIFICATIONS? Ally, but none affect instruction execution. 

INDICATORS: (Indicators not listed are not atfected) 
Zero If CCEAQ) = floating point 0, then ON$ otherwise OFF 
Negative If CCAQ)0 = is then ONS otherwise OFF 
Exponent Tf exponent is greater than +127, then ON$ otherwise OFF 
Overfion 
Exponent If exponent is fess than -128, then ON otherwise OFF 


Under flow 


Overfion 


“NOTESS 
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Set OFF 
The FNO instruction normalizes the nusaber in CCEAQ) if 
CCAQ) # 0 and the Overfiow indicator is OFF. 


A normalized floating number is defined as one whose 
mantissa fies in the interval (0.5,1.9] such that 


0.5 <= I1C(AQDS < 1.29 
which, in turn, requires that C(AQ)0 # C(AQI1-. 
If the Overfiow indicator is ON, then CtAQ) is shifted one 
place to the right, C(AQ)0 is inverted to reconstitute the 
actual sign, and tne Overflow indicatos is set OFF. 
Normalization is performed by sniffing C(AQ)1.71 one place 
to the feft and reducing CtE) by 1, repeatedly, until the 
conditions for C(AQ)0 and C(AQ)1 are met. Bits shifted 
out of AQL are lost. 


If CCAQ) = BO, then C(E) is set to +128 and the Zero 
indicator is set ON. 


The FNO instruction can be used to correct overfiowns that 
occur with tixed point numberse 


Attempted repetition with RPL causes an Itlegai Procedure 
Faulte 
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Double Precision Floating Round 473 (0) 
Basic Instruction Format (See Figure 2-1). 

C(EAQ) rounded to 64 bits -> CLEAQ) 

Ail, but none affect instruction execution. 


{Indicators not listed are not affected) 


If Ct(EAQ) = floating point 0, then ON$ otherwise OFF 
If CCAQ)O0 = 1, tnen ON$ ofherwise OFF 


If exponent is greater than #127, then ON$ otherwise OFF 


If exponent is fess than -128, then ON; otherwise OFF 


The DFRD instruction is identical to the Floating Round 
(FRO) instruction except that the rounding constant used 
iS (i tecce1) 65571 instead of (110e001)299 71e 


Attempted repetition with RPL causes an Itlegal Procedure 
Fault. : 
Floating Round &71 (0) 


Basic Instruction Format (See Figure 2-1). 
Ct{(EAQ) rounded to 28 bits => C{EAQ) 
Alt, but none affect instruction execution. 


(Indicators not ltisted are not affected) 


If CCEAQ) floating point 0, then ON$ otherwise OFF 


If CCAQI0 = 1 then ONS otherwise OFF 


If exponent is greater than +127, then ON$ otherwise OFF 


If exponent is fess than ~128, then ON$ otherwise OFF 
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If CCAQ) 4 O, the FRD instruction performs a true round to 
a precision of 28 bits and a normatization on C(EAQ). 


A true round is a rounding operation such that the sum of 
tne'result of applying the operation to two nuabers of 
equal magnitude but opposite sign is exactly zero. 
The FRO instruction is executed as follows?’ 

CCAQ) + (LLeoet) 29,71 -> CCAQ) 

If CCAQ)0 = 0, then a carry is added at AQ71 


If overfiow occurs, C(AQ) is shifted one place to the 
right and CtE) is increased by te 


If overflow does not occur, CLEAQ) is normalized. 


Ie CCAQ) = 0, ClE) is set to -128 and the Zero indicator 
is set ONe 


Attempted repetition with RPL causes an Iilegat Procedure 
Faulte 
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Double Precision Fioating Compare Magnitude &27 (0) 


FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 1C(E,AQD,63)%2 2&8 §CCY-pair)i 
MODIFICATIONS? Alt! except DU, Dl» CI» SC, SCR 
INDICATORS? (Indicators not tisted are not affected) 
Zero If %:ClE,AQ0,63)3 = I0lY¥-pairji, then OV$3 otherwise OFF 
Negative If !:C(E&,AQ0,63)! < 1C(Y¥-pair) i, then INS otherwise OFF 
NOTES Tne DFCMG instruction is identical to the Double Precision 
Floating Compare (OFCMP) instructio y except that § the 
magnitudes of the mantissas ere compared instead of the 
algebraic values. 
OFCMP Double Precision Fioating Compare 517 (0) 
FORMAT: Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 C(E,AQ0,63) 32 ClY-pair) 
MODIFICATIONSS Alt except DU, DLs Cle SC» SCR 
INDICATORS? {Indicators not tisted are not aftected) 
Zero If ClE,AQ0,63) = ClY-pair), then ON$ otherwise OFF 
Negative If CCE,AQD,63) < ClY-paird, then ON$ otherwise OFF 
NOTESS The DFCMP instruction is identical to the Floating Comoare 


(FCMP) instruction except for § the 
mantissas actually compared. 


precision of the 
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FLOATING POINT COMPARE 


FCMG Floating Compare Magnitude 425 (0) 
FORMATS ' Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 ICCEZAQD,27)92 88 3CCYD 


MOOIFICATIONS? All except CIs SC, SCR 


INDICATORS: (Indicators not listed are not affected) 
Zero If 10(€6,A90,27)3 = &8C(Y)%3, tnen ON$ otherwise OFF 
Negative If 3CCE,AQ0,27)23 < IC(YDE, then ONS otnerwise OFF 
NOTESsS . Tne FCMG instruction is identical to the Floating Compare 


(FCMP) instruction except that the magnitudes of the 
mantissas are compared instead of the algebraic values. 


F CMP Fioating Compare ‘515 (0) 


FORMATS Basic Instruction Format (See Figure 2-1). 
. 
SUMMARY 3 ClE,AQ0,27) 23 CY) 


MOOIFICATIONSS Alt except CI, SC, SCR 


INDICATORS? (Indicators not listed are not affected) 
Zero If CCE,AQ0,27) = CLY), then ON$ otherwise OFF 
Negative If ClEsAQ0,27) < CLY), then ON$ otherwise OFF 
NOTES3 The FCMP instruction is execufed as follows’ 


The mantissas are aligned by shifting the mantissa of 
the operand with the algebraicatiy smalier exponent 
to the right the number of oataces equal to the 
difference in the two exponents. 


The aligned mantissas are compared and the indicators 
set accordinglye 
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Add to Exponent 

Basic Instruction Format (See Figure 2-1). 
C(E) # C(Y)0,7 -> CCE) 

All except CIs SC»y SCR 

(Indicators not tisted are not affected) 


Set OFF 
Set OFF 


If exponent is greater than +127, then ON}3 


415 (0) 


otherwise OFF 


If exponent is fess than -128, then ON$ otherwise OFF 


Floating Set Zero and Negative Indicafors 
Basic Instruction Format (See Figure 2-1). 
Set indicators according to C(Y) 

All except CI, SC, SCR 

(Indicators not fisted are not affected) 
If Ctv)8,35 = 0, then ON$ otherwise OFF 


If C(y)8 = is then ON$ otherwise OFF 


Load Exponent 


Basic Instruction Format (See Figure 2-1). 
C(Y)0,7 -> C(E) 


Ali except CI, SC, SCR 
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(Indicators nof tisted are not affected) 


Set OFF 


Set OFF 


Store Exponent 


Basic Instruction Format (See Figure 2-1). 


CCE) => CLYI0,7 


ODeeeD -> C(VYD8,17 


Alf except DUs Dis CIs SCy SCR 


None affected 
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Call (Using PR6 and PR7) ; 713 (0) 
Basic Instruction Format (See Figure 2-1). 
If CCTPReEFRR) < COPPR.PRR) then 


CUOSBReSTACK) 33 CCTPR.TRR) => C(PR7.SNR) 


If CCTPReTRR) = CCPPR.PRR) then 
C(PRO.SNR) -> C(PR7.SNR) 


CCTPR.TRR) => CI(PR7-RNR) 
Tf CCTPR.TRR) = 0 then 
 CUSDW.P) -> CIPPReP)$ 
otherwise 0 -> C(PPR.P) 
ODeeeQ => C(PR7.WORDNO) 
DDeeeD -> CCKCPR7.BITNO) 
CCOTPR.TRR) -> CCPPR.PRR) 
CC(TPR.TSR) -> CC(PPRePSR) 


C(TPR.CA) -> CCPPR.IC) 
Ali except OU, DLs CI» SCs SCR 


None affected 


If CCTPReTRRI > C(PPR»PRRD, an Access Violation Fault, 
Outward Call, occurs and the CALL6 instruction is not 
executed. 


If the CALL6 instruction is executed with the Processor in 
Absolute Mode with bit 29 of the instruction word equal to 
0 and without indirection through an ITP or ITS pairs 
Thenece 


“the Appending Mode is entered for the address 
preparation of tne CALL6 operand address and is 
retained if the instruction executes successfully, 
andeecs 


the Effective Segment Number generated for the SOW 


@ 


fetch and subsequent loacing into C(TPR TSR) is equal 
to C(PPR.PSR) and may be undefined in Absolute Mode, 
aNdece 


the Effective Ring Number loaded Into C(CTPR. IRR) 
prior to the SOW fetch is equal to C(PPRePRR) (which. 
is 0 in Apsofute Mode) implying that the Access 
Violation checks for Outward Call and Bad Outmuard 
Catl are ineffective and that an Access Violation, 
Out of Cail Brackets will occur if C(SOWeR1) # 0. 
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Attempted repetition with RPT, RPD, or RPL causes an 
Iitiegal Procedure Fault. 


Return 630 (0) 
Basic Instruction Format (See Figure 2-1). 


C(Y)0,17 -> CC(PPR.IC) 


CtY¥)18,31 -> CCIR) 
All except OU, DL» CI» SCy SCR 
(Indicators not listed are not affected) 


If C(Y)27 = t+ and the Processor is in Absolute or 
Privileged Mode, then ON$ otheraise JFFe This indicator 
is not affected in the Normal or BAR modes. 


Cannot be changed by the RET instruction 
If ClY)30 = 1» and the Processor is in Absolute or 
Privileged mode, then ON$ otherwise JFF. This indicator 


is not affected in Normal or BAR modes. 


Cannot be changed by the RET instruction 


If corresponding bit in CC(Y) is 1, then ON$ otherwise, OFF 


The relation between C(Y)18,31 and the indicators is given 
in Table 2-5. 


The Taily Runout indicator reflects C(Y)25 regardiess of 
what address modification is performed on the RET 
instruction for tatly operations. 


The RET instruction may be thought of as a Load Indicators 
(LOI) instruction followed by a transfer to location 
C(Y)0,17. 


Attempted repetition with RPT, RPO, or RPL causes an 
Iilegal Procedure Fault. 
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REVIEW DRAFT 


SUBJECT TO CHANGE 


October, 
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TRANSFER 


Return Contro! Double 610 (0) 
Basic Instruction Format (See Figure 2-1). 


C({Y¥-pair) 3,17 -> CU(PPR.PSR) 


Maximum of 
CY-paird18,20$ CCIPR.TRRI$ CCSDW.RL) -> CLPPR.PRR) 


C(Y-pair) 36,53 -> CC(PPR.IC) 


If CCPPR.LPRRI = 0 then CC(SOW.P) -> COPPR.P) 3 : 
otherwise 0. -> C(PPR.P) é 


CUPPRePRR) -> CUPRneRNR) for n= (Dy 19 coc 7) 
All except DU, Dl» CIs SC, SCR 
None affected. 


The hardware assumes that ClY)17 = 0$ 0 check is made. 


If an access violation occurs when fetching the SOW for 
focation YY, the C(PPR.PSR) and C(PPR.P2R) are not altered. 


If the RTCD instruction is executed with the Processor in 
Absolute Mode with bit 29 of the instruction word equal to 
0 and witnout indirection through an ITP or IfS pair, 
Thenecee : . 


the .Appending Mode is entered for the address 
preparation of the RTICD operand address = and dis 
retained if the instruction executes successfully, 
andese 


the Effective Segment Number generated for the SDW 
fetch and subsequent toading into C(TPReTSR) Is equal 
to C(PPR.PSR) and may be undefined in Absolute Mode, 
aNndeee 


the Effective Ring Number toaded into C(CTPR.»TRR) 
prior to the SOW fetch is equal to C(PPR.PRR) (which 
is 0 in Absolute Mode) implying that control is 
always transferred into Ring 0. 


Attempted repetition with RPT, RPD, or RPL causes an 
Iliegal!l Procedure Faulte 


2-107 - ALO 


TRANSFER 


TEO 


TEU * 


FORMATS 


SUMMARY3 


MODIFICATIONS? 


INDICATORS’ 


Exponent 
Over flow 


NOTES 


FORMATS 


SUMMARY 2 


MODIFICATIONS: 


INDICATORS3 


Exponent 
Under f low 


NOTES3 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


Transfer On Exponent Over flow 


Basic Instruction Format (See Figure 2-1). 


If Exponent Overflow indicator ON then 


CCTPRCA) -> C(PPR.IC) 


C(TPReTSR) -> C(PPRePSR) 


otherwises no change to C(PPR) 


Atl except OU, Die CI» SCe SOR 


(Indicators not 


Set OFF 


Attempted repetition with RPT, 
Procedure Fauit. 


Tiiegal 


listed are not affected) 


Transfer on Exponent Underfion 


Basic Instruction Format (See Figure 2-1). 


If Exponent Underfiow indicator ON then 


CC{TPReCA) -> CIPPR.IC) 


CC TPReTSR) 


-> C(PPRePSR) 


otherwise, no change to C(PPR) 


All except DU, 


Di» Cle SC, 


SCR 


RPO, 


or 


(Indicators not fisted are not affected) 


Set OFF 


Attempted repetition with RPT, 


ITttegal Procedure Fault. 
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Transfer on Minus 
Basic Instruction Format (See Figure 2-1). 


If Negative indicator ON then 
C(TPR.CA) -> CCPPR.IC) 
CUTPR.TSR) -> C(PPR.PSR) 


otherwise, no change to C(PPR) 
All) except DU, DlLe CIs SC», SCR 
None affected 


Attempted repetition with RPT.» 


RPD, or 
Iitiegal Procedure Faulte 


RPL 


Transfer On Minus or Zero 
Basic Instruction Format (See Figure 2-1). 


It Negative or Zero indicator ON then 
CCTPR.CA) -> C(PPR.IC) 
CUTPReTSR) <-> C(PPR.PSR) 


otherwise, no change to C{(PPR) 
All except DU, DL» CIs SCy SCR 
None affected 


Attempted repetition with RPT, 
Itlegal Procedure Fauite 


RPD» or RPL 


Transfer on No Carry 


Basic Instruction Format (See Figure 2-1). 


If Carry Indicator OFF then 


C(TPR.CA) -> CCPPR.IC) 
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C(TPR.TSR) 


-> C(PPR.PSR) 


otherwise, no change to C(UPPR) 


All) except OU, Di, C 


None affected 


I, 


SC» SCR 


Attempted repetition with RPT, 
Iitegal Procedure Fauit. 


Trans fer On Not Zero 


Basic Instruction Format (See Figure 2-1). 


If Zero indicator 


OFF then 


C(TPReCA) <-> CIPPR.IC) 


CUTPReTSRI -> CCPPR.PSR) 


otherwise, no change to C(PPR) 


All except, DU, OL,» 


None affected 


CIs 


SC, SCR 


Attempted repetition witn RPTs; 
ITilegal Procedure Fault. 


Transfer On Overfion 


Basic Instruction Format (See Figure 2-1). 


If Overflow indicator ON then 


C(TPReCA) CCPPReI 


C(TPReTSR) 


otherwise, 


All except DU, DL, 


C) 


CI. SC, 


-> CCPPR.PSR) 


no change to C(PPR) 


SCR 


RPD» 


RPO» 


or 


or 


(Indicators not tisted are not affected) 
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TRANSFER 


Set OFF 


Attempted repetition with RPT, RPO, or RPL causes 
Iitegal Procedure Faulte 


Transfer on Plus 605 
Basic Instruction Format (See Figure 2-1). 


If Negative indicator OFF, then 
CCTPR.CA) -> CCPPR.IC) 
CCUPTR.TSR) -> CUPPR.PSR) 


otherwise, no change to C(PPR) 
All except DU, OlLs CIs SC, SCR 
None affected 


Attempted repetition witn RPT, RPD, or RPL causes 
Iiiegal Procedure Faulte 


Transfer on Plus and Nonzero 605 
Basic Instruction Format (See Figure 2-1). 


If Negative and Zero indicators are OFF then 
CCTPR.CAd -> C(PPR.-IC) 
CCUTPR.TSR) -> COCPPR.PSR) 


otherwise, no change to C(PPR) 
All except DU» Ol, CI» SCy SCR 


None affected 


Attempted repetition with RPT, RPO, or RPL causes 
Iitegal Procedure Fault. 
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Transfer Unconditionatty 
Basic Instruction Format (See Figure 2-1). 


C(TPReCAD --> CC(PPR.IC) 


C(TPReTSR) --> C(PPRePSR) 


All except DU, Ol, CI, SC, SCR 


None affected 


Attempted repetition with RPT, 
It!egal Procedure Fault. 


RPD, or RPL 


Transfer on Carry 
Basic Instruction Format (See Figure 2-1). 


If Carry indicator ON then 
CCTPR.CA) C(PPR.IC) 
CCUTPReTSR) -> CU(PPRePSR) 


otherwmises no change to C(PPR) 


All except OU, DL, CI, SC, SCR 


None affected 


Attempted repetition with RPT, 
Iltega! Procedure Fault. 


RPD, or RPL 


Transfer on Truncation Indicator OFF 


Basic Instruction Format (See Figure 2-1). 


If Truncation Indicator OFF then 
CUTPReCA) -> C(PPR.IC) 
CCTPReTSR) -> CCPPR-PSR) 


otherwise, no change to C(PPR) 
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MODIFICATIONS: Alf except DU, Ol» CI, SCy SCR 
INOICATORS3 None affected 


NOTES? Attempted repetition with RPT, RPD, or RPL causes an 
Itilegal Procedure Faulite 


TRIN Transfer on Truncation Indicator ON 600 (1) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 If Truncation Indicator ON then 


CCTPReCA) => C(PPR.IC) 
CCTPReTSR) -> CCPPR.PSR) 


otherwise, no change to C(PPR) 
MODIFICATIONS: Alf except DU, Dl» CI» SCy SCR 
INDICATORS? (Indicators not listed are not affected) 
Truncation Set OFF 


NOTES: Attempted repetition with RPT, RPD, or RPL causes an 
It legai Procedure Fauite 


TSP9O Transfer and Set PRO 270 (0) 
TSPi Transfer and Set PR1i 271 (0) 
TSP2 Transfer and Set PR2 272 (0) 
TSP3 Transfer and Set PR3 . 273 (0) 
TSP4& Transfer and Set PR& 670 (0) 
TSP5 Transfer and Set PRS - 671 (0) 
TSP6 Transfer and Set PR6 672 (0) 
TSP7 Transfer and Set PR7 673 (0) 

FORMAT3 Basic Instruction Format (See Figure 2-1). 

SUMMARY: For nm = Os 15 eoes Or 7 as determined by operation code 


CCPPRePRR) -> COCPRNSRNR) 
C(UPPRePSR) -> CCPRNeSNR) 
COUPPReIC) +1 -> COPRn.WORDNDO) 


ODeee DB -> CCPRN.BITNO) 
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C(TPReCA) —-> CI(PPR.IC) 


C(TPReTSR)I -> CUPPRePSR) 
All except DU, Oly CI, SC SCR 
None affected 


Attempted repetition with RPT, RPO, or RPL causes an 
Ilitega!l Procedure Faulite 


Transfer and Set Slave 715 (90) 
Basic Instruction Format (See Figure 2-1). 


C(TPReCA) -> CUPPR.IC) 


“CUTPReTSR) -> CCPPRePSR) 


All except OU,e Dl» CI, SCs SCR 
None affected (except as noted below) 


If the TSS instruction is executed witn the Processor not 
in BAR mode, the Absolute indicator is set OFF, and the 
Not. BAR Mode indicator is set OF = to _ signal that 
subsequent addressing is to be done in the BAR Mode. The 
Base Address Register (BAR) is used in the = address 
preparation of the transfer, and the BAR will be used in 
address preparation for all subsequent instructions until 
a faulf or interrupt occurse 


If the TSS instruction is executed with the Not BAR Mocie 
Indicator atready OFF, it functions as a Transfer (TRi) 
instruction and no indicators are changede 


Attempted repetition with RPT, RPD, or RPL causes an 
Iftegal Procedure Fauite 


Transfer and Set Index Register Xn 70n (0) 


Basic Instruction Format (See Figure 2-1). 


For n = Oe fe eeer or 7 as determined by operation code 
CCPPR.IC) # 1 => C(Xn) 


CCTPReCA) -> CCPPR.IC) 
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TRANSFER 


CUTPR.TSR) -> C(PPR.PSR) 
All except DU, DOL, CI, SCe SCR 
None affected 


Attempted repetition with RPT, 
Itlegal Procedure Fault. 


RPO, or RPL causes an 


Transfer on Tatty Runout Indicator OFF 607 (0) 


Basic Instruction Format (See Figure 2-1). 


If Tatty Runout Indicator OFF then 
C(TPReCA) -> CBPPR.IC) 
CUTPReTSR) -> C(PPR.PSR) 


otherwise, no change to C(PPR) 
All except OU, DLs, CI, SCe SCR 
None affected 


Attempted repetition with causes an 


Lilegalt Procedure Fault. 


RPT. RPD. or RPL 


Transfer on Taily Runout Indicator ON 606 (1) 
Basic Instruction Format (See Figure 2-1). 


If Tatty Runout Indicator ON then 
CCTPR.CA) -> CC(PPReIC) 
C(TPR.TSRI -> C(PPR.PSR) 


otherwise, no change to C(PPR) 


All except OU, Ols CIs SC, SCR 
None affected 


Attempted repetition with RPT, 
Iitegal Procedure Fauite 


RPD,» or RPL causes an 
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_Transfer On Zero — 600 


Basic Instruction Format (See Figure 2-1). 


If Zero indicator ON then 
C(TPReCA) -—> C(PPR.IC) 
CCTPReTSRI -> CUPPR.PSR) 


otherwise, no change to C(PPR) 


Atl except DU, Ol» CI+ SCs SCR 


None affected 


Attempted repetition with RPT, RPD, or RPL causes 
Iiiegalt Procedure Faulte 


2-116 


(0) 


an 


AL39 


POINTER REGISTER DATA MOVEMENT LOAD 


~POINTER"REGISTERA_ INSTRUCTIONS 


“Pointer"Kegister Data “Movement Loada 


EASPO Effective Address to Segment Number of PRO 321 (0) 
EASP1i Effective Address to Segment Number of PRL 310 (1) 
EASP2 Effective Address to Segment Number of PR2 313 (0) 
EASP3 Etfective Address to Segment Number of PR3 712 (2) 
EASP4 Effective Addréss to Segment Number of PR& 331 (€0) 
EASPS Effective Address to Segment Number of PRS 330 (1) 
EASP6 Effective Address to Segment Number of PR6 ' .333 (€0) 
£ASP7 Effective Address to Segment Number of PR7 332 (1) 

FORMATS Basic Instruction Format (See Figure 2-1). 

SUMMARY 3 For n = 05 is eee, Or 7 as determined by operation code 


CUTPReCA) => C(PRn.SNR) 
MODIFICATIONSS All except DU, DLs CI, SC, SCR 
INDICATORS? None affected 
“NOTES: — Attempted execution in BAR Mode causes an Illegal 


Procedure Faulfe 


Attempted repetition with RPT, RPD», or RPL causes an 
Iltegal Procedure Fault. 


EAWPO Etfective Address to Word/Bit Number of PRD 318 (0) 
EAWP1 Effective Address to Word/Sit Number of PRL 311 (1) 
EAWP2 Effective Address to Word/Bit Number of PR2 312 (0) 
EAWPS Effective Address to wWord/Bit Number of PR3 3i3 (1) 
EAHPS Effective Address to Word/Bit Number of PR& 330 (0) 
EAWPS Effective Address to Word/Bit Number of PRS 331 (41) 
EAWP6 Effective Address to wWord/Bit Number of PRE 332 (0) 
EAWP?7 Effective Address to Word/Bit Number of PR7 333 (4) 

FORMATS Basic Instruction Format (See Figure 2-1). 

SUMMARYS For n = Oe ls eees or 7 as determined sy operation code 


CITPReCA) -> C(PRnN«HORDNO) ~ 
CCTPReTBRI / 9 -> C(Prn.CHAR) 


CCTPReTBR) modulo 9 -> C(PRneBITNO) 
MODIFICATIONSS All except DUs Dl» CI, SC», SCR 
REVIEW ORAFT 
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INDICATORS? None affected 

NOTES8 Attempted execution in BAR Mode causes an Itlegal 
Procedure Fault. 
Attempted repetition with RPT, RPD, or RPL causes an 
ITilegat Procedure Fauife 


Effective Pointer at Base to PRO 350 (1) 
Effective Pointer at Base to PRL 351 (0) 
Effective Pointer at Base to PR2 352 (1) 
Effective Pointer at Base to PR3 353 (0) 
Effective Pointer at Base to PR& 370 {4) 
Ettective Pointer at Base to PRS 271 (0) 
Effective Pointer at fase to PRE 372 (41) 
Effective Pointer at Base to PR7 373 (0) 
Basic Instruction Format (See Figure 2-1). 
For n = Oe is eeoesy or 7 as determined sy operation code 

CCTPR.TRR) -> CIPRneRNR) 

C(TPReTSR) <-> CIPRN-SNR) 

ODeeeD -> C( Prin. WORDNO) 

00 -> CCPrneCHAR) 

0000 -> C{PRn-BITNO) 
All except DU, Ole CI, SCye SCR 
None affected 
Attempted execution in BAR Mode causes an Iilegal 
Procedure Faulte 
Attempted repetition with RPT, RPD, or RPL causes an 
Istegai Procedure Fault. 


EPBPO 
EPBP41 
EPBP2 
EPBP3 
EPBP4 
EPBPS 
EPBP6 
EPBP7 

FORMAT? 

SUMMARY 2 

‘MODIFICATIONS? 

INDICATORS: 

NOTES 
EPPO 
EPPL 
EPP2 
EPP3 
EPPS 
EPPS 
EPP6 
EPP? 

FORMATS 
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Effective Pointer to PRO 350 
Effective Pointer to PRi 251 
Effective Pointer to PR2 352 
Effective Pointer to PR3 353 
Effective Pointer to PR& 370 
Effective Pointer to PRS 371 
Effective Pointer to PR6 372 
Effective Pointer to PR7 373 


Basic Instruction Format {See Figure 2-1). 
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For n = Oy ty eeos OF 7 as determined by operation code 
CA{TPR.FRR) => COPRneRNR) 
CCTPReTSR) -> CCPRneSNR) 
CCTPR.CAD -> COCPRn.WORDNO) 
CCTPReTBR) 4 9 => CUIPRnN-CHAR) 


CCTPR.TBR) modulo 9 -> C{PRn.BITNO) 
All except DU, DL» CI» SCy SCR 
None affected 
Attempted execution in BAR Mode causes an Ittegai 


Procedure Faulf. 


Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Faulte 


Load Pointer Registers from ITS Pairs 173 (0) 
Basic Instruction Format (See Figure 2-1). 


For n = 0 1» eoes 7 


Maximum of . 
ClY#2n-pair) 18,203 C(SOW.RID$S CCTPRTRR) -> CIPRn.RNR) 


CCY#2n-pair) 3517 -> C(PRn. SNR) 
CCY+2n-pair) 36,53 -> C(PRn.WORDNO) 
CY +2n-pair) 57462 / 9 -> ClPrneCHAR) 


C(Y¥+2n-pair) 57,62 modulo 9 -> C(PRn.SITNO) 
Ai) except DU, OL, CIs SCo scr 


None Affected 


Starting at location Y, the. contents of eignt word pairs 
(in ITS pair format) repiace the contents of Pointer 
Registers 0 through 7 as showne The hardware assumes that 
Y14,17 = 0000 and addressing is increnented accordingly$ 
no check is made. 


Since CCTPR.TRR) and C(SDW.R1) are bSoth equal to zero in 


Absolute mode, ClY¥+2n-pair)18,20 are laaded into PRNeRNR 
in Absolute mode. 
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Attempted execution in BAR Mode causes an  Ittlegal 
Procedure Faulfe 


Attempted repetition with RPT, RPO, or RPL causes an 
Iliegat Procedure Fauite 


LPRPn Load PRn Packed 76n (0) 


FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 8 For n = 09 19 sees or 7 as determined dy operation code 


CCTPReTFRRI -> COPRneRNR) 


If CCY)002 # 11, then 
C¢€YI005 47 9 => COCPRN.CHAR) 
C(Y)025 modulo 39 => C(PRn.~BITNO)$ 
otherwise, generate Command Fault 


If ClYI6,17 = LlLeeels then 111 -> CCUPRN.SNRI0,2 
otherwise, 000 -> C(PRN.SNR)O,2 


COY)6917 -> C(PRne SNR) 3514 


C(Y)28,35 -> C(PRn.WORDNO) 


* 


MODIFICATIONSS Alt except OU, Ol» CI, SCy SCR 


INOICATORS3: None affected 


NOTES3 Binary “i"s in C(Y)0,2 correspond to an iitega!l BITNO, 
that is, a bit position beyond tre extent of ClY). 
Detection of these bits causes a Commarid Fault. 


Attempted execution in BAR Mode causes an Ii tegal 
Procedure Fault. 


Attempted repetition with RPT, RPD, or RPL causes an 
Ittegal Procedure Fauite 
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“Pointer“Register Data Movement Storea 


SPBPO 
SPBP1 
SPBP2 
SPBP3 
SPBP4 
SPBPS 
SPBP6 
SPBP7 


FORMATS 


SUMMARY 3 
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Store Segment 
Store Segment 
Store Segment 
Store Segment 
Store Segment 
Store Segment 
Store Segment 
Store Segment 


Base Pointer of PRO 
Base Pointer of PRL 
Base Pointer of PR2 
Base Pointer of PR3 
Base Pointer of PR& 
Base Pointer of PRS 
Base Pointer of PR6 
Base Pointer of PR7 


Basic Instruction Format (See Figure 2-1). 


For n = 09 1s 


eoes 
CEPRNSSNR) > ClY-paird 3,17 
COPRNRNR) -> ClY-pair) 18,20 
000 -> ClY¥-paird0,2 

O0eeeD =—> ClY-paird 21429 

43 (octal) <-> CCY-pair) 30,35 


0000.0 -> ClY-pair) 36,71 
All except DU, Dl. CIs SC» SCR 


None affected 


250 (1) 
251 (0) 
252 (1) 
253 (0) 
650 (1) 
651 (0) 
652 (1) 
653 (0) 


or 7 as determined oy operation code 


Tne hardware assumes Y bit 17 = 03 no check is made. 


Attempted execution in BAR Mode causes 
Procedure Fault. ; 
Attempted repetition with RPT, RPDs or. 


I8tiegal Procedure Fault. 


Store Pointer Registers as ITS Pairs 


Basic Instruction Format (See Figure 2-1). 


For nm = Oo 19 eccee 7 

000 -> ClY¥#2n-paird0,2 
COPRNeSNR) => CCY+2n-pair) 3917 
CO(PRneRNR) -> CCY4+2n-pair)18,20 


ODeee ID -> CLY¥#+2n-pair) 21.29 
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43 {octat) -> C(Y#2n-pair) 30,35 

C(PRn.WORDNO)D -> C(Y#2n-pair) 36,53 

000 -> C(Y#+2n-pair) 54,56 

9 * CEIPRnN.CHAR) + COCPRnN.BITNO) => ClY+2n-pair)57,62 


D000 -> CKY#2n-pair) 63,71 
All except OU. DLs, CI, SCy SCR 
None .af fected 


Starting at ftocation Y, the contents of Pointer Registers 
0 through 7 replace the contents of eignt word pairs (in 
ITS pair format). The nardware assumes Y bits 1% to 17 = 
0000 and addressing is incremented accordingly; no check 
is made. 


Attemped execution in BAR Mode causes an Illegal Procedure 
Faulite 


Attempted repetition with RPT, RPD», or RPL causes an 
Iilegal Procedure Fauite 


Store PRO as ITS Pair 250 (0) 
Store PRi as ITS Pair 2514 (1) 
Store PR2 as ITS Pair 252 (0) 
Store PR3 as ITS Pair 253 (1) 
Store PR& as ITS Pair 650 (0) 
Store PRS as ITS Pair 651 (1) 
Store PR6 as ITS Pair 652 (0) 
Store PR7 as ITS Pair 653 (1) 


Basic Instruction Format (See Figure 2-1). 


For n = O¢ 19 eeoes or 7 as determined Dy operation code 
DO0 => ClY¥-pairdDs2 
CCPRNeSNR) -> ClY-pair)3,17 
COPRneRNR) -> CCY-pair)138,20 


O0eeeD -> C(Y-pair)21,29 


G3 (octal) -> ClY-pair) 30, 35 
COPRneWNORDNO) -> CCY-pair) 36,53 
000 -> ClY-pair) 54.56 


9 * CIPRn CHAR) + C(PRneBITNO) -> ClY¥-pair)57,62 
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POINTER REGISTER DATA MOVEMENT STORE 


ODeeeDd -> ClY-pair)63,71 
Ail except OU, OL, CI, 3Co SCR 
Nohe affected 


The hardware assumes Y bit 17 = 03 no check is made. 


Attempted execution in BAR Mode causes an Ii!legal 
Procedure Faulte 


Attempted repetition with RPT, RPO, or RPL causes an 
Iitlegai Procedure Fault. 


Store PRn Packed S4n (0) 
Basic Instruction Format (See Figure 2-1). 


For n= Dy le eoes Or 7 as determined oy operation code 
9 * CCPRne CHAR) # CIPRnNeBITINO) => CLY)005 
CEPRNSSNR) 3914 -> C(Y)6917 
CCPRn.WORDNO) -> CC(Y)18,35 


All except DU, BL, CIs SCe SCR 
None affected 


If CCPRneSNR) 0,2 are nonzero, and C(PRneSNRI #£# IAlecels 
then a § Store Fault, Illegal Pointer, will occur and C(Y) 
will not be changede 


Attempted execution in BAR Mode causes an Ii tegal 
Procedure Fauite 


Attempted repetition sith RPT, RPD, or RPL causes an 
Iitegal Procedure Fault. 
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POINTER REGISTER ADDRESS ARITHMETIC 


“Polnter“Register Address Arithmetica 


AOWPO Add to Word Register of PRO 050 (0) 
AOWP1 Add to word Register of PRL 051 (0) 
ADWP2 Add to Word Register of PR2 052 (0) 
' ADWP3 Add to Word Register of PR3 053 (9) 
ADWPS4 Add to Word Register of PR& i150 (0) 
ADWPS5 . Add to Word Register of PRS 151 (0) 
ADWP6 Add to Word Register of PR6 i1S2 {0) 
AOWP7 Add to word Register of PR7 153 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 “For n = Oe is eoes Or 7 as determined ay operation code 


CCY¥20017 + C(PRNeWNORDNO) 


00 -> CIPRn.CHAR? 


0000 -> C(PRn.BITNO) 


MODIFICATIONSS Ali except Dl,» CI, SC, SCR 


INOICATORS: None affected 


2 


NOTESS Attempted execution 
Procedure Fault. 


Attempted repetition 
Ittegali Procedure Faulite 
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POINTER RESISTER MISCELLANEOUS 


“Pointer“Register Miscellaneousa 


EPAG 


FORMATS 


SUMMARY 8 


MODIFICATIONS’ 


INDICATORS3 


zero 


NOTES3 


REVIEW DRAFT 


SUBJECT TO CHANGE 


October, 


1975 


Effective Pointer to AQ Register 


Basic Instruction Format (See Figure 2-1). 


00.020 -> C(AQIN,2 
C(TPReTSR) -—> CCAQ) 3517 
O0eee DB —> C(AQ) 18, 32 
C(TPReTRR) -> CCAQ) 33435 
C(TPReCA) -> CCAQ) 36,53 
O0eee0 —> CLAQ) 54,65 


C(TPReTBR) -> C(AQ)66571 


Alt except DU, Dle CI, SC, SCR 


(Indicators not listed are not affected) 


If C¢CAQ) = DB, thnen ON$ otherwise OFF 


Attempted execution in S8AR Mode causes 


Procedure Fault. 


Attempted repetition with RPT, RPD, or 


Tilegal Procedure Fauite 
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Read Calendar Clock 633 (0) 
Basic Instruction Format (See Figure 2-1). 


O0ee- 0 => C(AQ) 0,19 


C(Catendar Clock) -> C(AQ)20,71 
All except DU, OL, CI> SCe SCR 
None affected 


C(CTPR.CAI0,2 Specify which Processor port (i.e@e, which 
System Controller) is to be usede The contents of the 
clock in the designated System Controller replace’ the 
contents of the AQ-register as Shownne 


Attempted execution in BAR Mode causes an TIiilega!i 


‘Procedure Fauite 


Attempted repetition with PRY, RPD,» or RPL causes an 
Illegal Procedure Fault. 
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DERAIL 


Derail a. 002 (0) 


Basic Instruction Format (See Figure 2-1). 


Causes a fault which fetches and executes, in Absolute 
Modes the instruction pair at main store tocation 
Ctis’(octal)e The vatue of C is obtained from the FAULT 

VECTOR switches on the Processor Configuration Panel. 


All, but none affect instruction execution 


None affected 


Except for the different constant used for fetching the 
instruction pair from main store, the DRL instruction is 
identical to the Master Mode Entry (MME) instructione 


Attempted repetition with RPT, RPD, or RPL causes an 
Ittegal Procedure Faulte 
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Execute 716 (0) 
Basic Instruction Format (See Figure 2-1). 

Fetch and exectue fhe instruction in C(Y) 

Alt except DU», Dl» CIs SCs SCR 

None affected 


The XEC instruction itself does not affect any indicatore 
However, the execution of, the instruction from C(Y) may 
affect indicatorse 


If the execution of the instruction from CCY) modifies 
C(PPR.IC), then a transfer of control occurs$ otherwise, 
the next instruction to be executed is fetched from 
CCPPReICI +1. 


To execute a Repeat Doubfe (RPD) instruction, the XEC 
instruction must be in an odd focation. The instruction 
pair repeated is that instruction sair at CUPRReIC) +1, 
that iS,» the instruction pair immediately following the 
XEC instructione C(PPR.IC) is adjusted during the 
execution of the repeated instruction pair so that the 
next instruction fetcned for execution is from the first 
word following the repeated instructior pair. 


EIS Multiword instructions may be executed but the 
required QOata Descriptors must be located immediately 
after the XEC instruction, that iss starting at C(PRR.IC) 
+ tLe CLPRReIC) is adjusted during execution of the EIS 
Multiword instruction so that the next instruction fetched 
for execution is from the first word following the EIS 
Data Descriptorse 


Attempted repetition with RPT, RPD, or RPL causes an 
Titegal Procedure Faulte 
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EXECUTE 


Execute Double 7i7 (0) 
Basic Instruction Format (See Figure 2-1). 


Fetch and execute the instruction pair at ClY-pair) 


‘ALl except DU, DlLy CI, SC, SCR 


None affected 


The XED instruction itself does not affect any indicator. 
However, the execution of the instruction pair from 
ClY¥-paird may affect indicators. 


The even instruction from ClY-pair) must nof alter 
ClY¥-paird36971, and must not be another XED instruction. 


If the execution of the instruction pair from CtY-pair) 
alters C(PPR.IC), then a transfer of controf occurs} 
otherwise, the next instruction to be executed is fetcned 
from C(PPR.IC) +1. If the even instruction from ClY-pair) 
aiters CC(PPR.IC), then the transfer of control is 
effective immediately and tne odd instruction is not 
executed. 


To execute an instruction pair having a Repeat Double 
(RPO) instruction as the odd instruction, the XED must be 
located at an odd address. The instruction pair repeated 
is that instruction pair at C(PRR.IS) + 1s that iss, the 
instruction pair immediately following the XED 
instruction. C(PPR.IC) is adjusted during the execution 
of the repeated instruction pair so the the next 
instruction fetched for execution is from the first word 
following the repeated instruction pair. 


An attempt to execute an EIS Multinord instruction will 
cause an Iliegal Procedure Fault. 


Attempted repetition with RPT, RPD,», or RPL causes an 
iff_fleat Procedure Fault. 
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Master Mode Entry OOLt (8) 
Basic Instruction Format (See Figure 2-1). 


Causes a fault that fetches and executes, in Abvsolute 
Mode, the instruction pair at main store tocation 
Ct4loctal). The vaiue of C is obtained from the FAULT 
VECTOR switches on the Processor Configuration Panel. 


All, but none affect instruction execution 
None affected 


Execution of the MME instruction implies the following 
conditions’ 


During fhe execution of the MME instruction and the 
Two instructions fetched, the Processor is 
temporarity in Absolute Mode indesendent of the value 
of the Absolute Mode indicator. The Processor stays 
in Aosotute Mode if the Absolute Mode indicator is ON 
after the execution of the instructions. 


The instruction at C#& must not alter the contents of 
main store location C+5, and must not be an  XED 
instruct ione 


If fhe contents of the instruction counter (PPR.IC) 
are changed during execution of the instruction pair 
at Cth, the next instruction is fetched from the 
modified C(PRR.IC)I$ otherwises the next instruction 
is fetched from C(PPR.-IC) 41. 


If the instruction at Ces alters SC(PPReIC), then this 
transfer of control is effective immediately, and fhe 
instruction at C#S5 is not executed. 


Attempted repetition with RPT, RPO, or RPL causes an 
Iijegal Procedure Faulte 
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MASTER MODE ENTRY 


Master Mode Entry 2 004% (0) 
Basic Instruction Format (See Figure 2-1). 


Causes a fault that fetches and executes, in Absolute 
Mode, the instruction pair at main store’ tocation 
C+#52 octal). The vatue of C is obtained from the FAULT 
VECTOR switches on the Processor Configuration Panel. 


All, but none affect instruction execution 


None affected 

Attempted execution in BAR mode causes | an Iitecsal 
Procedure, Itiegal Opcode Fault. 

Except for the different constant used for fetching the 
instruction pair from main store, the MME2 instruction is 


identical to tne Master Mode Entry (MM=) instruction. 


Attempted repetition with RPT, RPD, or RPL causes an 
illegat procedure Faulte 


Master Mode Entry 3 005 (0) 
Basic Instruction Format (See Figure 2-1). 


Causes a fault that fetches and executes, in Absolute 
Modes the instruction pair at main store tlocation 
C+5&loctal).~ The value of C is obtained from tne FAULT 
VECTOR switches on the Processor Configuration Panel. 


All, but none affect instruction execut ion 
None affecté4 


Attempted execution in BAR mode causes an Iilegal 
Procedure, Iltegai Opcode Fault. 


Except for the different constant used for fetching the 
instruction pair from main sfore, the 4ME3 instruction is 
identical to tne Master Mode Entry (MME) instruction. 


Attempted repetition witn RPT, RPO, or RPL causes an 
Tilegal Procedure Fault. 
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Master Mode Entry & 007 (90) 


Basic Instruction Format (See Figure 2-1). 


Causes a fault that fetches and executes, in Absotute 
Mode, the instruction pair at main store tocation 
C*#Sb(octalde The value of C is obtained from the FAULT 
VECTOR switches on the Processor Configuration Panel. 


All, but none affect instruction execution 


None affected 

Attempted. execution in BAR mode causes an Itlegal 
Procedure, Illegal Opcode Fault te 

Except for the different constant used for fetching the 
instruction pair from main store, the MME& instruction is. 


identcal to tne Master Mode Entry (MME) insfruction. 


Attempted repetition with RPT, RPD,; or RPL causes an 
Ittegal Procedure Fauit. 
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NO OPERATION 


No Qperation 011 (0) 
Basic Instruction Format (See Figure 2-1). 

No operation takes place 

Ata 

None affected (except as noted below) 


No operation takes place but address preparation is 
performed according to the specified modifier, if anye If 
modification other than DU or DL is used, the ef fective 
addresses generated may cause Store Faults. 


Tne use of Indirect and Tally modifiers causes chances in 
the address and tally fields of the referenced Indirect 
Words and the Tally Runout indicator may be set ON as a 
resulte 2 


Attempted repetition with RPT» RPD, or RPL causes an 
It legal Procedure Fault. 


Pulse One o12 (0) 
Basic Instruction Format (see Figure 2-1). 

No operation takes place 

al 

None affected (except as noted below) 


The PULS1 instruction is identical to the No Operation 
(NOP) instruction except that it causes certain unique 
synchronizing signals to appear in the Processor tlogic 
circuitrye 


Attempted repetition with RPT+,. RPD, or RPL causes an 
Ilfiega!l Procedure Fault. 
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Pulse Two 013 (0) 


Basic Instruction Format (See Figure 2-1ibe 


- No operation takes place 


All 
None affected (except as noted below) 


The PULS2 instruction is identicai to the No Operation 
(NOP) instruction except that it causes certain unique 
synchronizing signals to appear in tne Processor logic 
circuitrye 


Attempted repetition with RPT, RPD, or RPL causes an 
Illegai Procedure Fault. 
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0 0 011 11 , 2222 3 3 
os Pee oe - a | > Ee eS «| eT 
3 3: 2 r ie ar ie | 3 
3 TALLY 2TAIZIC! Term. Cond. 3 (56078 10:1103 DELTA ' 


8i1i11 7 9111 


Figure 2-9 Repeat Double (RPD) Instruction Word Format 
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Execute the pair of instructions at C(PPR.IC) +1 either a 
specified number of times or until a ssecified termination 
condition is mete 


None 
(Indicators not tisted are not affected) 
If C€xX090,7 = 0 at termination, then ON$ othernise, OFF 


None affected. However, fhe execution of the repeated 
instructions may affect indicators. 


The RPD instruction must be stored in an odd main store 
location except when accessed via the XEC or xXED 
instructions, in which case the XEC or XED instruction 
must itself be in an odd main store location. 


Both repeated instructions must use R or RI modifiers and 
Onty X1l»g X25 eeeosy X7 are permitted. For the purposes of 
this description, the even repeated instruction shall use 
X-even and tne odd repeated instruction snati use. X-odde 
X-even and X-odd may be the same register. 


If C= 1, then CCRPD instruction word)0.17 -> CCX0)3 
otherwise, C(X0) unchanged prior to executione 


The termination condition and taltliy fields of C(x) 


control tne repetition of the instruction pair. An 
initial tally of zero is interpreted as 256. 


The repetition cycle consists of the following steps? 
ae Execute the pair of repeated instructions 


De C(X0)007 - 1 -> CL(X0I0,7 
Modify C(X-even) and C(X-odd) as described below. 


Ce If C(X0)057 = O, then set Tally Runout indicator ON 
and terminate. 
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Ge If a terminate condition has been met, then set Tally 
Runout indicator OFF and terminate. 


Ce Go to step ae 


If a Processor Fault occurs during the exection of the 
instruction pair, the repetition loop is terminated and 
control passes to the Faust Trap accorcacing to the 
conditions for the Processor Fault. C(X0),. C(X-even), and 
C(X-odd) are not updated for tne repetition cycie in which 
the fault occurs. Note. in oarticular that cer tain 
Processor Fauits occurring during execution of the even 
instruction preciude the execution of the odd instruction 
for the faulting repetition cycle. 


EIS Multiworad instructions cannot be sepeated. AJ other 
instructions nay be repeated except as noted for 
individual instructions or those that ere 


Explicitly aiter C(x0) 


Tne effective address, Y», of the operand (in the case of R 
modification) or indirect word (in the case of RI 
modification) is determined as folliowss 


For the first execution of the repeated instruction pair 


C(C(PPR.IC)41) 0517 # C(X-even) -> Y3 Y-even <-> 
C{X-even) 

C(C(PPR. IC4#2) 0017 ¢ ClX-0dd) <-> Y-odd$} Y-odd => 
C (X-odd) 


For all successive executions of the sepeated instruction 
pair eee , 


if C(x0)8 = 1, then C(X-even) + Deita -> Y-even, 
Y-even => C(X-even)$; otherwise, C(X-even) -> Y-even 


if C(xXx0)9 = ty then C{X-odd) + Delta -> Y-odd, Y-odd 
-> C{X-0dd)3 otherwise, C(X-odd) -> Y-odd 


C(x0)8,9 correspond to Controti Bits A and By, respectively, 
of the RPD insfructione 


In the case of RI modifications only one indirect 
reference is made per repeated executione The tag field 
of the indirect word is not interpreted. The indirect 
word is treated as though if had R modification with R = 
Ne 


The bit configuration in C(x0)11,17 defines the conditions 


for which the repetition ftoop is terminated. The 
terminate conditions are examined at the completion of 
execution of the odd instruction. If more than one 
condition is specified, the repeat terninates if any of 
the specified conditions are met. 


Bit 17 = 0 Ignore atl overfiows. Do not set Overflow 
Indicator$ inhibit Overfiow Fault. 
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Bit 


Bit 
Bit 
Bit 
Bit 
Bit 


Bit 


17 


16 
is 
14 
13 
12 


11 


At the 


TY 
fy 


oT] 
ros 


=1 


=1 


time of terminations’ 


REPEAT 


If Overfiow Mask indicator is ON, then set 


Overflow 


indicator and terminates 


otherwise, cause an Overflow Faulte 


Terminate if 
Terminate if 
Terminate if 
Terminate if 
Terminate if 


Terminate if 


C(X030,7 contain the 


number 


of 


would have occurred. 


Carry indicator OFF. 
Carry indicator ON. 
Negative indicator OFF. 
Negative indicator ON. 
Zero indicator OFF. 


Zero indicator ONe 


Tally Residues that As, the 


repeats remaining until a Tally Runout 


If the RPD instruction is interrupted (by any fault) 


before 


OFF. 


C(X-even) 


termination, 


the Taily Runout indicator is 


and C(X-odd) contain the effective 
addresses of the next operands or indirect words that 
would have been used had _ the repetition foop not 
terminated. 


Attempted repetition with 
ITidegat Procedure Fauite 
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RPL Repeat Link 500 (0) 
FORMATS 
0 oo0ogi21 11 2222 3 
faeries 2c Wr nS A eee ee SE ene 
3 3 13 
3 TALLY 10 O&8Ci Terme Conde (500)8 rrieaes 0000 s 
y Reemenrraneerree mer ae ere piers (eee See Oe ee Oe Se eee f 
2ii1 7 9111 6 
Figure 2-10 Repeat Link (RPL) Instruction Word Format 
SUMMARY 8 Execute the instruction at C(PPR.IC)+1 either a specified 
number of times or until a specified termination condition 
is mete 
MODIFICATIONS? None 
INDICATORS: (Indicators not tisted are not affected) 
Tatty If C(xX0)007 = 0 or tink address C(Y) = 0 at termination, 
° Runout then ON$ otherwise OFF 
All other None affected. However, the execution of the repeated 
Indicators instruction may affect indicators. 
NOTES: The repeated instruction must use an R modifier and onty 
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X1l_g X29 ewes X7 are permitted. For the purposes of this 
description, the repeated instruction shail use Xne 


If C = ile then CURPL instruction word)0,17 => C(x0)$ 
otherwise, C(X0) unchanged prior to executione 


The termination concition and tatty fietds of CtX0) 
control the repetition of the instruction. An inifial 
tally of zero is interpreted as 256. 

The repetition cycle consists of the following steps; 


ae Execute the repeated instruction 


De C(X0)0,7 - 1 => C(X0)0,7 
Modify C(Xn) as described below. 


Ce If C(xX0)0.7 = 0 or ClY)0917 = OF then set Tally 
Runout indicator ON and terminate. 


de If a terninate condition nas been met, then set Tally 
Runout indicator OFF and terminatee 


Co Go to step ae 
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REPEAT 


If a Processor Fault occurs during the exection of the 
instruction, the repetition tons is terminated and control 
passes to the Fault Trap according to the conditions for 
the Processor Fault. cCcxd) and C{Xn) are not updated for 
the repetition cyci< in which the fault occurs. 


EIS Multiword instructions cannot be repeated. Ail other 
instructions may be repeated except as noted for 
individual instructions or those that eee 


Explicitty alter C(xX0) 
Explicitity alter the tink address, C(Y}0,17 


The effective address» Y, of the operand is determined as 
follows: 


For the first execution of the repeated instruction eee 
C(C(PPR. IC) 41) 0917 + C{Xn) -> Y$ ¥ => C(Xn) 


For at! successive executions of fhe repeated instruction 


C(Xn) => Y 
if C(Y0,17 # Oe then C(Y)0217 => CiXn)d$ otherwise, 
no change to C(Xn) 


C(V¥)0,17 is Known as the tink address and is the effective 
address of the next entry in a threaded list of operands 
to be referenced by the repeated insfructione 


The operand data is formed as 
(00.22-0)0,17 $3 ClY)18,p 


where p is 35 for singte precision operands and 71 for 
double precision operandse 


Tne bit configuration in C(X0)115917 and the link address, 
C(Y)0,17, define the conditions for which the repetition 
loop is terminated. The terminate conditions are examined 
at the completion of execution of the instruction. If 
more than one condition is specified, the repeat 
terminates if any of the specified conditions are - met. 


C(Y¥)0,17 = 9 Set Tatty Runout indicator ON and terminate. 


Bit 17 = 0 Ignore aif overflows. Do not set Overflow 
Indicator$ inhibit Overfiow Fault. 

Bit 17 =1 If Overfion Mask indicator is ON, then set 
Overflon indicator and terminates 
otherwise, cause an Overflow Fauit. 

Bit 16 =1 Terminate if Carry indicator OFF. 

Bit 15 =f Terminate if Carry indicator ON. 

Bit 14 =1 Terminate if Negative ingicator OFF. 
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Bit 13 


Bit i2 


=i Terminate if Negative indicator ON. 
=i Terminate if Zero indicator OFF. 
Bit 11=1 Terminate if Zero indicator ON. 


At the time of terminations’ 


C(X0)007 contain the Tattlly Residue} that is, the 
Mumber of repeats remaining until a Tally Runout 
would have occurrede 


If the RPL instruction is interrupted (by any fault) 


before terminations, the Taity Runout indicator is 


OFF. 


C{Xn) contain the fast tink address, that iss the 
effective address of the list word containing the 
last operand data and the next fink address. 


Attempted repetition with RPT, RPD, or RPL causes an 
Ittegal Procedure Fauite ; 
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RPT Repeat 520 (0) 
FORMATS 
0 000og12i1 11 2222 3 3 
—— amas Wa fe om SASSI GREEDRTRRERERERRREI tor far Yar Ue Boa is 
i 3 1332 H 
i TALLY $0 O:Ci Term. Conde 3 (52098 1031103 DELTA 1 
b eae eae 2 er eRe a Be er 
8 221 7 9141 6 
Figure 2-11 Repeat (RPT) Instruction Word Format 
SUMMARY 8. Execute the instruction at C(CPPR.IC) #1 either a specified 
number of times or until a specified termination condition 
is mete 
MODIFICATIONS? None 
INDICATORS! (Indicators not tisted are not affected) 
Taily If C(x0)0,7 = 0 at terminations then ON$ otherwise, OFF 
bala Runout 
Alt’ other None affected. However, fhe execution of the repeated 
Indicators instruction may affect indicators. 
NOTESS The repeated instruction must use an R or RI modifier and 
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only Xi, X2,_y ecoes X7 are permitted. For the purposes of 
this description, the repeated instruction shati use Xn. 


If C = le then C{(RPT instruction word)0,17 => C(x0)$ 
otherwise, C(X0) unchanged prior to executions 


Tne termination condition and tally fieitds of C€X0) 
controt the repetition of the instruction paire An 
initial tally of zero is interpreted as 256. 

The repetition cycie consists of the following steps3 


ae Execute the repeated instruction 


De C(X090—97 —- 1 -> ClLX0)097 © 
Modify C(Xn) as described belou 


Ce If COxX0)0,7 = 0, then set Tally Runout indicator ON 
and terminate 


de If a terminate condition has been met, then set Tally 
Runout indicator OFF and ferminatea 


Ce Go to step a 
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If a Processor Fault occurs during the exection of fhe 
instructions the repetition loop is terminated and control! 
passes to the Fault Trap according to the conditions for 
the |. Processor Faulte C(X0) and C(Xn) are not updated for 
the repetition cycle in which the fault occurse 


EIS Muttiword instructions cannot be repeated. All other 
instructions may be repeated exzept as noted for 
individual instructions or those that eece 


Explicitty alter C(xX0) 
Explicitly alter CCPPR.IC)¢2 


The effective address,» Ys of the operand (Cin tne case of R 
modification) or indirect word (lin the case of RT 
modification) is determined as follows: 


For the first execution of the repeated instruction eee 
CC CUPPR.IC9#1)0,17 # CiXn) => Y$ Y¥ -> CLXn) 


For alii successive executions of the repeated instruction 


if C(xX038 = 1, then C(Xn) + Delta -> Ye Y -> C(Xn)5 
otherwise, C(Xn) => Y 


C(xo)8 corresponds to Contro! Bit A of fhe RPO 
instruction. 


In the case of RI modification, onty one indirect 
reference is made per repeated execution. The tag field 
of the indirect word is not interpreted. The indirect 
word is treated as though it had R modification with R = 
Ne 


The bit configuration in €(X0)11,17 defines the conditions 
for which the repetition loop is terminated. The 
terminate conditions are examined¢c at the completion of 
execution of the instruction. If more than one condition 
is specified, the repeat terminates if any of the 
specified conditions are met. 


Bit 17 = 9 Ignore all overflows. Do not set Overfion 
Indicators inhibit Overflow Fault. 

Bit 17 =1 If Overflow Mask indicator is ON, then set 
Overflow indicator and terminate$ 
otherwise, cause an Overflow Fault. 

Bit 16 = 1 Terminate if Carry indicator OFF. 

Bit 15 =1 Terminate if Carry indicator ON. 

Bit 14 = 1 Terminate if Negative indicator OFF. 

Bit 13 = 1 Terminate if Negative indicator ON. 

Bit 12 = 1 Terminate if Zero indicator OFF. 

Bit 114 = 1 Terminate if Zero indicator ON. 
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At the time of terminations 


C(X0)0,7 contain the Taliy Residue} that is, the 
number of repeats remaining until a Tally Runout 
would have occurred. 


If tne RPT instruction is interruoted (by any fault) 
before fermination, the Taity Runout indicator is 
OFF e 


C(Xn) contain fhe effective address of the next 
operand or indirect word that would have been used 
had the repetition ftoop not terminated. 


Attempted repetition with RPT, RPD, or RPL causes an 
Iliegal Procedure Fault. 
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Store Ring Alarm 
Basic Instruction Format (See Figure 2-1). 


ODeee0 —-> CLYID,32 
CCRALR) -> CY) 33,35 


All except? DU, Dt», CI, SC, SCR 
None affected 


Attempted execution in BAR Mode causes an 
Procedure Fault. 


754 (1) 


Tilegal 


Attempted repetition with RPY, RPO, or RPL causes an 


Ittlegal Procedure Faultfe 
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| “Store Sase“Address Reaistera 
SBAR . Store Base Address Register $50 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 8 C(BAR) => Cl(Y)0017 


MODIFICATIONSS All except DU, Ol, CI, SCy and SCR 


INOICATORSS None affected 
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“Icansiationa eee 
8S Bey Binary® té Bin ar y+Cb4e deDeei nad tz . 508 (0) 
FORMATS ~ ‘Bds Pe" Inste ue fh) Fav mBINASeéZEGgure 2-1). 
SUMMARY 8 Shift CCA) lett! ¢hree” pos itaoas? 


,ACCArt 7 ClY) -> &-bit quotient plus remainder 
ee VE gE 


x ae - PrG eid ; su # easgen | wo 
Shift C(Q) teft six positions 
&-bit quotient -> CtQ')32,35 


remainder -> C(A) 


MODIFICATIONS: Ali except CI, SC», SCR 


INDICATORS3 (Indicators not listed are not affected) 

Zero It CtA) = 0, then ON 

Negative If CCADO = £ before executions, then ON$ otherwise OFF 
NOTES: The BCD instruction carries out one step in an “algorithm 


for the conversion of a binary number toa string of 
Binary-Coded-Decimal (8DC) digits. The algorithm requires 
the repeated short division of the binary number or _  tiast 
remainder by a set of constants Cli) = 8**i x 10**{n-]1) 
for 1 = 1e 2s eees mn with n being defined bys 


10**(n-1) <= i<binary number>? <= 10*¥n - te 


The values in the table that foifows are the conversion 
constants to be used with the 8C) instructione Each 
verticals column represents the set of constants fo be used 
depending on the initial value of the sinary number to be 


convertede Tne instruction is executed once per digit 
annile traversing the appropriate column from top. to 
pottome 


An alternate use of the table for conversion involves the 
use of the constants in the row corresponding to 
conversion step 1. If, after each execution, the contents 
of the accumulator are shifted right 3 positions, the 
constants in the first row, starting at the appropriate 


column, may be used while traversing the row from teft to 
rignt. 


Because there is a limit on range, a ful! 36 bit word 
cannot be converted. The targest birxary number that may 
be converted correctly is 2**33 <1 yielding ten decimal 
digitsSe 


Attempted repetition with RPL causes an ITltegal Procedure 
Faulte 
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‘\ For 10*¥*(n-1) <= ICCARD! <= 10**#n - 1 ard nN = eeco 
‘\ ; 
\. 12 3 8 L 6 “3 & 221 
i= N 
4 8000000000 800000000 80000000 8000000 800000 8000600 8000 800 80 8 
2 6400000000 640000000 64000000 6400030 640000 64000 6400 640 64 
3 5120000000 512000000 $1200000 5120000 512000 51200 $120 512 
& 4096000900 409600000 40960000 4096000 409600 40360 4096 
5 3276800000 327680000 32768000 3276800 327680 32768 
6 2621440000 262144000 26214400 2621440 262144 
7 2097152000 209715200 20971520 2097152 
8 1677721600 167772160 167772156 
9 1342177280 134217728 
10 1073741824 
GTB Gray to Binary 774 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 CCA) converted from Gray Code to a 36 bit binary number 


MODIFICATIONS’ None 


INDICATORS? {Indicators not listed are not affected) 
Zero If CCA) = 0, then ON$ otherwise OFF 
Negative If CCAD = 1, then ON$ otherwise OFF 
NOTES3 This conversion is defined by the following algorifhm: 


CCAD => CCAD 
CCAV(1) @ COA CIi-1) —> COA) Ti) for i = Ly 2o coos 35 


Attempted repetition with RPL causes ar Illegal Procedure Faulte 
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“PRIVILEGEDA_ INSTRUCTIONS 


“Privitegedad_- “Register“lLoaga 


LBAR Load Base Address Register 230 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 8 C(Y¥)0,17 -> CLBAR) 
MODIFICATIONS All except CI, SC, SCR 
INDICATORS? None affected 
NOTES: Attempted repetition with RPT, RPO, or RPL causes an 
Ittegai Procedure Faulfe 
Attempted execution in BAR Mode causes a Illegal Procedure 
Faulfe 
LCPR Load Central Processor Register 674 (0) 
FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY? Load selected register as noted 
MODIFICATIONS? Nonee The instruction TAG fieid is used for register 
selection as followse 
C{TAG) Data_and Register{s) 
02 CtlY) => Cl(Cache Mode Registe*)0,35 
04 CtY) => CiMode Register)0,35 
03 OQDecee OB => CICU, OU, DU, and APU History 
Reg ister) 0,71 
07 Lieeel -> C{CU, OU, DU, and APu History 
Register)0,71 
INDICATORS: None affected 
NOTESS8 See Section IV, Program Accessibie Registers, for 


REVIEW ORAFT 
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descriptions and use of the various rejgisfers. 
For TAG values 03 and 07, the History Register loaded is 


selected vy the current value of a Cyclic Counter for each 
Unite Al four Cyclic Counters are advanced by one count 
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for each execution of the instruction. 


Use of TAG vatues other than those defined above causes an 
Ittegal Procedure Fault. 


Attempted execution in Normal or BAR Mode causes a I) fegal 
Procedure FaulTe 


Attempted repetition with RPT, RPO, or RPL causes an 
ITilegal Procedure Fault. 


Load Descriptor Segment Base Register . 232 (0) 
Basic Instruction Format (See Figure 2-1). 


If SOWAM is enabled, then 
0 -> C(SDWAMCiD) FULL) for i = Dy 1s eeoy 15 
Ci) -> CCOSOWAMG@i)-USE) for i = De 1s eeey 15 
It PTWAM is enabled, then 
QO -> C(PTWAMCi) FULL) for 1 = Dy 1s sees 15 
(i) <-> CUIPTWAMCiDUSE) for i = Oo 159 ceosy 15 
C(Y¥-pair)d0,23 -> C(DSBR.~ADOR) 
Ct(Y¥-pair)37,50 -> C(DSBR.BOUND) 
ClY-pair)55 <-> C(DSBR.U) 


ClY¥-pair)60.71 -> C(OSBReSTACK?) 
Ali except DU, DL, CI-e SCs and SCR 
None affected 


The hardware assumes Yi7 = 03 no check is madee 


The Associative Memories are cleared (FULL indicators 
reset) if they are enabled. 


See Section IV, Program Accessibie Registers, and Section 
V, Addressing -- Segmentation and Pagirxg, for description 


and use, respectively, of the SDWAM, PIWAM, and DSSR. 


Attempted execution in Normal or 3AR Mode causes an 
Iltegal Procedure Fault. 


Attempted repetition with RPT, RPO, or RPL causes an 
Iitlega!l Procedure Fault. . 
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Load Timer Register 637 (0) 
Basic Instruction Format (See Figure 2-1). 

C(Y10,26 -> CC(TR) 

All except Cl» SC, SCR 

None Affected 


Attempted execution in Normal or BAR Mode causes a Iitegal 
Procedure Faulte 


Attempted repetition with RPT, RPD, or RPL causes an 
Iilegal Procedure Faulte 


Load Page Table Pointers . 257 (1) 
Basic Instruction Format (See Figure 2-1). 


For i = Oe ly cees 15 
m = CUPTWAM(Ci).USE) 
CLY#m)0914 -> CCPTHAM(m) POINTER) 
CLY#m)25426 -> CCPTWAM(m). PAGE) 


CCY*#m)27 -> CC(PTWAM(m).F) 
Ali except DU, Dis CIs SCs SCR 
None affected 


The hardware assumes Y14,17 = 00003; no check is made. 


The Associative Memory is ignored (forced to “no match") 
during Address Preparation. 


See Section IVs Program Accessible Registers, and Section 
Ve, Addressing -~- Segmentation and Paging, for description 
and uSe, respectivety, of the PTWAM. 


Attempted execution in Normal or 3AR Mode causes an 
Iitegal Procedure Faulfe 


Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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Load Page Table Registers 173 (1) 
Basic Instruction Format (See Figure 2-1). 


For i = 0, ls ecco 15 
m = CCPTWAMNCi)- USE) 
CCY4#m)0017 -> C(PTWAM(m).ADDR) 


ClY#m)d29 => C(PTHAM(m) -M) 
Alt’ except DU, DL, CI» SCy SCR 
None affected 


The hardware assumes Y14%,17 = 00003 no check is made. 


The Associative Memory is ignored (forced to “no match”) 
during Address Preparation. 


See Section IV, Program Accessible Registers, and Section 
Ve Addressing -~- Segmentation and Pagings, for description 
and use, respectivety, of the PTWAM. 


Attempted execution in Normal or BAR Mode causes an 
Tilegal Procedure Fault. 


Attempted repetition with RPT. RPD» or RPL causes an 
Ittegal Procedure Fault. 


Load Ring Alarm Register 774 (4) 
Basic Instruction Format (See Figure 2-1}. 
C(CY) 33,35 => C(RALR) 


Ali except DUs DLe CIs SC» SCR 


None affected 


Attempted execution in Normai or BAR Mode causes an 
litegal Procedure Fault. 


Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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Load Segment Descriptor Pointers 257 (0) 
Basic Instruction Format (See Figure 2-1). 


For i = Os le eoos 15 
m = C(SDWAMCi) USE) 
COY#m)0914 => C(SDWAM(m) POINTER) 


CCYtm)L7 -> CCSDWAM(m) .P) 
All except DU, DL» CIs SCe SCR 
None affected 


The hardware assumes Y14,17 = 00803 no check is made. 


The Associative Memory is ignored (forced to “no match”) 
aguring Address Preparatione 


See Section [Vs Program Accessible Registers, and Section 
V> Addressing -- Segmentation and Paging, for description 
and us@, respectively, of the SOWAM. 


Attempted execution in Normal or 3AR Mode causes an 
Iitegat Procedure Faulte 


Attempted repetition with RPT, RPO, or RPL causes” an 
Tilegal Procedure Fault. 
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Load Segment Descriptor Registers © 232 (1) 
Basic Instruction Format (See Figure 2-1). 


For i = Oy iy eeos 15 
m = C(SOWAM(i).USE) 
ClLY¥+2m)0923 -> CCSDWAM(m). ADR) 
CUY+2m) 24,32 -> CISDWAM(m) eR1,g R2y 23) 
C(¥#2m)37,50 -> C(SDWAM(m) .BOUND) 


C(¥+2m) 52,57 


t 
v 


CUSDWAM(m) eRe Eso We Py Us Gy C) 
CCY¥+2m)56,71 


’ 
v 


C(CSOWAM(m).CL) 
Alt except DU, DlLe CI, SCs SCR 
None Affected 


The hardware assumes Yié,17 = 00003 no check is madee 


The Associative Memory is ighored (forced to “no-match™) 


during Address Preparation. 


See Section IV, Program Accessible Registers, and Section 
Vs» Addressing -- Segmentation and Paging tor description 
and use, respectively, of the SOWAM. — 


Attempted execution in Normal or BAR Mode causes an 
Iitegal Procedure Fault. 


Attempted repetition with RPT, RPD, or RPL causes an 
Ittegai Procedure Fault. : 


Restore Control Unit 613 (0) 


Basic Instruction Format (See Figure 2-1). 


C(Y-blockB) words 0 to 7 -> C(Contro! Jnit Data) 
All except DU, DL» CI, SC» SCR 


None affected 
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See Section IV, Program Accesibie Registers, for 
description and use of Control Unit Data. 


The hardware assumes Y15,17 = 000 and addressing is 
incremented accordingly; no check is madee 


Attempted execution in Normaf or BAR Mode causes an 
Illegal Procedure Fault 


Attempted repetition with RPT, RPD, or RPL causes an 
Iilegal Procedure Faulte 
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Store Central Processor Register 452 (0) 
Basic Instruction Format (See Figure 2-1). 
Store selected register as noted 


None. The instruction TAG field is used for register 
selection as follows. 


C{TAG) MEANING 


00 C(APU History Register) <-> C(Y-pair) 

01 C(Fault Register) -> C(Y-pair)0,35 
ODeeeD -> ClY-pair) 36,71 

06 C(Mode Register) -> ClY-pair) 0,35 
Ci(Cache Mode Regiser) -> ClY-pair) 36,71 

20 CtCu History Register) -> ClY-pair) 

4&0 C(OU History Register) -> C(Y¥-pair) 

60 C(DU History Register) -> C(f-pair) 


None affected 


See Section IV, Program Accessible Registers, for 
description and use of the various registers. 


For TAG values 009 200 404 and 60, the History Register 
stored is selected by the current vaiue of a Cyclic 
Counter for each Unite The individual Cyclic Counters are 


advanced by one count for each execution of the 
instructione 


The use of TAG values other than trose defined above 
causes an Iiltegal Procedure Fault. 


Attempted execution in Normal or BAR Mode causes an 
Iitegat Procedure Faulte 


Attempted repetition with RPT, RPD, or RPL causes an 
I!jegal Procedure Fault. 
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Store Control unit 657 (0) 
Basic Instruction Format (See Figure 2-1). 

C(Control Unit Data) -> ClY-btock8) words 0 to 7 

All except OU, Ole Cle SCe SCR 

None affected 

See Section IV, Program Accessible Registers, for 
gescription and use of Control! Unit Data. 

The SCU- instruction sate-stores control informat ion 
required to service a Processor fault. The Control Unit 
Bata is nots in general, vatid at any time except when 
safe-stored by the first instruction of a fault/interrupt 
vectore 


The hardware assumes Y15,17 = 000 and addressing is 
incremented accordingly; no check is madee 


Attempted execution in Normal or BAR Mode causes. an 
Iiltegal Procedure Fault. 


Attempted repetition with RPT, RPD,», or RPL causes an 
Tlilegal Procedure Faulte 
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Store Descriptor Segment Base Register -194 (0) 
Basic Instruction Format (See Figure 2-1). 


CLOSBReADDR) -> ClY-pair) 0,23 
ODeeeD -> ClY-pair) 24,36 
C(DSBReBOUND) => CC Y¥-pair) 37,50 
0000 -> ClY¥-pair)51,554 
CIDSBReU) -> ClY¥-pair)55 

000 -> ClY¥-pair)56,59 


C(DSBReSTACK) -> ClY-pair) 60,714 
All except DUsy DLs CI» SC, SCR 
None affected 


The hardware assumes Y 17 = 03 no chec« is made. 
C{(DSBR) is unchanged. 


See Section IV, Program Accessible Registers, and Section 
Ve, Addressing =~ Segmentation and Paging for description 
and use, respectively, of the DBR. 
Attempted execution in Normal or BAR Mode causes an 
Ittegai Procedure Fault. . 


Attempted repetition with RPT, RPD, or RPL causes an 
Illegai Procedure Fauit. 
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Store Page Table Pointers 557 (1) 
Basic Instruction Format (See Figure 2-1). 


For i = Dy ty sees 15 
CCPTWAMC(i) -POINTER) -> CCY+i0,14 
CCPTWANCi)sPAGE) -> CCY#i) 15,26 
COPTWAMCi) oF) => ChY#i)27 
0000 => ClY+i)28,31 


CCPTWAMCi) ->USE) -> CLY+i) 32,35 
All except DU», Dl», CI» SCy SCR 
None affected 
The hardware assumes that Yi4,17 = 0000, and addressing is 
incremented accordingly; no check is made. 


The contents of PTWAM(m) remain unchangede 


The Associative Memory is ignored (forced to a “no match”) 
during Address Preparation.e 


See Section IV,» Program Accessible Registers, and Section 
Ve Addressing -- Segmentation and Paging for deséription 
and uS@, respectively, of the PTWAM. 


Attempted execution in Normal or BAR Mode causes an 
It!flegalt Procedure Fauitfe 


Attempted repetition with RPT, RPD, or RPL causes an 
Itlegal Procedure Fault. , . 
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SPTR Store Page Table Registers 15% (4) 
FORMAT? Basic Instruction Format (See Figure 2-14). 
SUMMARY 8 For i = Os le esey 15 


CUCPTWAM(i) ADDR) -> CCY+i) 0,17 
00...0 -> C(Y¥+id18,28 
CCPTWAM (i) MM) -> C(V+id29 


ODeeeD -> CLY+i) 30,35 
MODIFICATIONS? Atl except DU, Dl» CIs SCe SCR 
INDICATORSS3 None affected 


NOTESS Tne hardware assumes that Y14,i17 = 0900, and addressing 
will be incremented accordingly} no check is madee 


Tne contents of PTWAM(m) are unchanged. 


The Associative Memory is ignored (forced to a “no match") 
during Address Preparation. 


See Section IV, Program Accessible Registers, and Section 
Ve Addressing -- Segmentation and Paging for description 
and uSes respectively, of the PTWAM. 


Attempted execution in Normal or 3AR Mode causes an 
Iifegal Procedure Fault. 


Attempted repetition with RPT, RPD» or RPL causes an 
Iitegal Procedure Fault. , 
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Store Segment Descriptor Pointers 557 (0) 
Basic Instruction Format (See Figure 2-14). 


For i = Os 1» eoos 15 
CUSDWAM(i)-POINTER) -> CCY#i30014 
DOeeeD -> CCY+i) 15526 
COSOWAM( i) -F) -> C(Y#id27 
0000 -> CCY#+i)28,31 


CCSOWAM( 1) USE) => CCY#1) 32535 
All except DU, DL. CI, SC, SCR 
None affected 
The hardware assumes Yi4,17 = 0000, and addressing is 
incremented accordingly; no check is made. 


The contents of SOWAM(i) are unchanged. 


The Associative Memory is ignored (forced to a “no match”) 
during Address Preparation. 


See Section IV-~- Program Accessible Registers, and Section 
Ve Addressing -- Segmentation and Paging for description 
and use, respectively, of the SOWAM. 


Attempted execution in Normaf or 3AR Mode causes an 
Iilega!l Procedure Fault. 


Attempted repetition with RPT, RPO, or RPL causes an 
ITilegai Procedure Faulfe 
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Store Segment Oescriptor Registers 254 (1) 
Basic Instruction Format (See Figure 2-1). 


For i = Oe le eeos 15 
C(SDWAM(i) ADDR) -> C(Y#2i-pair) 0,23 
COUSDWAMCIV Ris R2e RE) —> CY +#2i-pair) 24,32 
0000 -> C(Y+2i-pair) 33,36 
C (SDWAMCi) « BOUND) -> C(Y¢2i-pair)37,50 
CUSDWAM(i) Re Es Py Us Ge C) => CLY*+2i-pair) 51,57 


CUSDHAM(i).CL) => CLY#2i-pair) 58,71 
All except DU» DLy CIy SCy SCR 
None affected 
The hardware assumes Y13,17 = 900000, and addressing is 
incremented accordingty; no check is tade. 


Tne contents of SOWAM(i) are unchanged. 


The Associative Memory is ignored (forced to a “no match”) 
during Address Preparation. 


See Section [V~, Program Accessibje Registers, and Section 
V, Addressing -- Segmentation and Paging for description 
and use, respectively, of the SDWAM. 


Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 


Attempted repetition with RPT, RPD, or RPL causes an 
Iilegal Procedure Fauite 
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Clear Associative Memory Paged 532 (1) 
Basic Instruction Format (See Figure 2-1). 


For i = 0, 1» eves 159 
0 -> C(PTWAM(i).F) 


€i) -> C(PTWAM(1).USE) 
Alt except DUs DL» CI, SCs SCR 
None affected 


Tne FullsEmpty bit of each PTWAM Register is set to 0, and 
the usage counters (PTWAM.USE) are set to tneir 
pre-assigned vatues of 0 through 15. The remainder of of 
C(PTWAM(i)) is unchanged. 


Tne execution of this instruction enastes the PTWAN if it 
is disabied and C(TPR.CA)16s17 = O01. 


The execution of this instruction disasies the PTWAM if 
C(TPReCA)16517 = 10. 


If CCTPR.CAI15 = 1, a selective ciear of cache is 
executed. Any cache block for which f.e upper 1% bits of 
the directory entry equal CiTPR.CA)0,13 wilt nave its 
Full/Empty bit set to Empty. 


See Section IV, Program Accessibie Registers and Section 
V, Addressing -- Segmentation and Paging for description 
and use, respectively, of the PTWAM. 


Attempted execution in Normal or B&R Mode causes an 
Ittegai Procedure Faulte 


Attempted repetition with RPT.» RPD, or RPL causes an 
Iltegali Procedure fault. 
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PRIVILEGED - CLEA ASSOCIATIVE MEMORY 


Clear Associative Memory Segments $32 (0) 
Basic Instruction Format (See Figure 2-1}. 


For i = O46 1s coos 15 
0 => CCSOWAM(i).F) 


Ci) => CCSOWAM(1) USE) 
Ait except DU, Dl,» CI, SCys SCR 
None affected 


Tne Full/Empty bit of each SOWAM Register is set to zero, 
and the usage counters (SDWAM.USE) are initiatized to 
their pre-assigned values of 90 through 15.2 The remainger 
of C(SDWAM(i)) are unchanyede 


Tne execution of this instruction enasies the SOWAM if it 
is previousty disabled and if C(TPR.CA)16,17 = O01. 


Tne execution of this instruction disaples the SDWAM if 
CITPReCA)16517 = 104 


Tne execution of this instruction sets the Full/sEmpty bits 
of ail cache blocks to Empty if C(TPR.SADL5S = ie 


See Section IV» Program Accessible Registers, and Section 
Ve Addressing -- Segmentation and Paging for description 
and use, respectively, of the SOWAM. 


Attempted execution in Normal or 3AR Mode causes an 
Iitegat Procedure Fault. 


Attempted repetition with RPT, RPD. or RPL causes an 
Itlegal Procedure Fault. 
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PRIVILEGED - CONFIGURATION AND STATUS 


“Pcivilegedd_- “Confiquration™“and"5 tatusa 


RMCN | Read Memory Controlter Mask Register 233 (0) 


FORMATS Basic Instruction Format (See Figure 2-1). 
SUMMARY 3 For the selected System Controllers 


It fhe Processor has a Mask Registem asssigned, then 
C{(MRI0215 -> CCAQI0,15 
D0ee.0 -> C(AQ 16,31 
C (MR) 32935 -> C(AQI32,35 
C(MR) 36,51 -> C(AQ)36,51 
D0ee5e0 -> C(AQ)52,67 
C(MRI68,71 -> C(AQ)68,71 


otherwise, O00«.e.09 -> CtAQ) 
MODIFICATIONS: All except DU, Ol, CI, SCs SCR 
“INDICATORS? (Indicators not listed are not affected) 


Zero If CCAQ) = De then ON$ otherwise OFF 


Negative If CCAQ)0 = 1s then ONS otherwise OFF 


NOTES3 The contents of the Mask Register remain unchangede 


C(TPReCA)N,2 specify which ProcessSo~ Port (ieee, which 
System Controlier) is usede 


Attempted execution in Normal or BAR Mode causes. an 
Tttegal Procedure Fault. 
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PRIVILEGED - CONFIGURATION AND STATUS 


Read System Controller Register 412 (0) 
Basic Instruction Format (See Figure 2-1). 


The effective address, Y, is used t9 select a system 
controlier (SCuU) and the function to be performed as 
follons3 


Effective 

Address Function 

y0000~x C(SCU Mode Register) -> C(AQ) 

i 

yoooix C(SCu Configuration Switches) -> C(AQ) 
yooog2x ClIinterrupt Mask Port 0) -> C(CAQ) 
y0012x ClInterrupt Mask Port 1) -> CCAQ) 
y0022x ClInterrupt Mask Port 2) => C(AQ) 
y0032x C(tInterrupt Mask Port 3) => C(AQ) 
y004u%2x ClInterrupt Mask Port 4) -> C(CAQ) 
y0052x C(Interrupt Mask Port 5) -> C(AQ) 
y0062x C(Interrupt Mask Port 6) -> C{AQ) 
y0072x C(lInterrupt Mask Port 7) -> C(AQ) 

y000 3x Clinterrupt Ceils) -> C(CAQ) 

yO004« 

or CtSystem Ciock) -> C(AQ) 
yooo5x 
y0006x 
or C(Store Unit Mode Registfe*) => CCtAQ) 

y0007~x 

wheres y = octai value of YS,2 as used to select SCU 


any octal digif 


Alf except DU, DlLe CI» SCy SCR 


None affected 

See Section IV, Program Accessible Registers, for 
description and use of the various registers. 
For effective addresses y0006x and y0007x, Store Unit 


selection is done by the normal address decoding function 
of the System Controlter. 
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PRIVILEGED - CONFIGURATION ANO STATUS 


RSW 


FORMAT? 


SUMMARY 3 


MODIFICATIONS3 


INDICATORSS 


Zero 


Negative 


NOTESS 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1375 


Attempted execution in Normai or BAR Mode causes an 
Ittegat Prodecure Fault. 


Attempted repetition with RPL causes an [illegal Procedure 
Fault. 


Read Switches 231 (0) 
Basic Instruction Format (See Figure 2-1). 

Tne effective address» Ys is used to select certain 
Processor Switches whose settings are read into CCA). 


The switches setected are as follows: 


Effective 
Address Eunction 


xxxxx0 C(Data Switches) -> CCA) 
MKT Cl(Contfige Switches, ports Ay Bs Cy BD) -> CCA) 
xxxxX? OOeeeQ => C(AD0,5 

CtFault Base Switches) -> C(A)6,12 

O0ee-0 -> C{(AI13,26 

Ct(Processor ID) -> C(A)27,33 

CtProcessor Number Switches) -> C(€A)34,35 
xXXXXS CiConfige Switches, ports Ey Fe Gs H) => CTA) 
xxx XS OOeee DB —> ClAID.i2 


C(Port Interiace and Size Swifches) -> C(A)13,28 
00..-.0 => C(AI29,35 


All, but none affect instruction execufion 


{Indicators not listed are not affected) 


If CCA) = 0, then ON$ otherwise OFF 
Tf CCA)0 = 1, then ON$ otherwise OFF 


See Section IV, Program Accessible Registers for 
description and use of the switch datas 


Attempted execution in Normal or BAR Mode causes an 
Iltegal Procedure Fault. 


Attempted repetition with RPT, RPD, or RPL causes. an 
Tilegal Procedure Fault. 
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PRIVILESED - SYSTEM CONTROL 


“Pcivilegedd_-_“System™"Contrala 


c1oc 
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SUMMARY 3 


MODIFICATIONS: 


INOICATORS’ 


NOTES3 


SMCH 


° 


FORMATS 


SUMMARY 3 


MODIFICATIONS: 
! 


INDICATORS? 


NOTES? 


REVIEW ORAFT 
SUBJECT TO CHANGE 
October, 1975 


Connect 1/0 Channel 015 (0). 
Basic Instruction Format (See Figure 2-1). 


Tne System Controilter addressed by Y (i.@e, contains the 
word at Y) sends a connect pulse to tne port specified by 
CY) 33,35. 


All except DU, DL», CI, SCy SCR 


None affected 
Attempted execution in Normai or BAR Mode causés an 
Iiltegal Procedure Fault. : 


Attempted repetition with RPT, RPD, or RPL causes an 
Iliegal Procedure Faulte 


Set Memory Controisler Mask Register 553 (0) 
Basic Instruction Format (See Figure 2-1). 


For the setected System Controllers 
if the Processor has a MaSk Registe* assigned, then 
C(AQ10015 => C(MR)0015 
C(AQ) 32935 -> CIMR) 32,35 
C(AQ)36,51 -> C(MR)I36,51 
C(AQ)68571 -> CCMR)68,71 


otherwise, a Store Fault, Not Contratis. occurse 
All except DU, DL, CIs SC», SCR 


None affected 


C(AQ) are unchanged. 


C(TPR.CAI0,2 Specify which Processor Port lie@es which 
System Controller) is used. 


Attempted execution in Normal or 3AR Mode causes an 
Tilega!l Procedure Fault. 
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Attempted repetition with RPL causes an If tlegal Procedure 


Faulte 


Set Memory Controtter Interrupt Cells 451 (0) 
Basic Instruction Format (See Figure 2-1). 


for i= Oo Le evcs 15 and C(A)35 = O03 
if CCA)i = 1s fTnen set Interrupt Cell i ON 
For i = De 1e woe 915 and C(A35 = 12 


if CCA)i = 1,5 then set Interrupt Cell 164i ON 
Alt except OU» Dl» CI» SCy SCR 
None affected 


C(TPR.CAID,2 specify which Processor 
System Controller) is used. 


Port (ie@e, which 


Attempted execution in 
Tilegal Procedure Faulte 


Normal or BAR Mode causes an 
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PRIVILESED - SYSTEM CONTROL 


Set System Controiier Register 057 (0) 
Basic Instruction Format (See Figure 2-1). 


Tne effective address, Ys is used t9 select a System 
Controller (SCU and the function fo be performed as 
follouss 


Effective 
Address Eunction 
yooo0ox CLAQ) => C{SCU Mode Register) 
yoooix Reserved 
yooo2x CtAQ) => ClInterrupt Mask Port 0) 
yo0012x Ct{AQ) -> CCInterrupt Mask Port 1) 
yo022x -—S»«-s« CLAQ) --> ClInterrupt Mask Port 2) 
y0032x C(AQ) -> ClInterrupt Mask Port 3) 
y0042x C(AQ) -> ClInterrupt Mask Port 4%) 
y0052x CCAQ) -> C(Interrupt Mask Port 5) 
y0062x C(AQ) -> Clinterrupt Mask Port 6) 
y0072x CCAQ) -> ClInterrupt Mask Port 7) 
y0003x C(AQI0,15 -> ClInterrupt Celis) (0.15) 
C(CAQI36_51 -> Clinterrupt Celts) (16,31) 
y0006x 
or CCAQ) -> C(Store Unit Mode Register) 
y0007x 
wheres y = octal value of Y0,2 as used to select SCU 


x 
W 


any octal digit 
Ali except OU, Dis CIs SC, SCR 


None affected 


It the Processor does not have a Mask Register assigned in 
the selected System Controller, a Store Faults Not 
Control, will occur. 


For effective addresses y0006x and y0007x, Store Unit 


selection is done by the normal address decoding function 
of the System Controilere 
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PRIVILEGED - SYSTEM CONTROL 


See Section | IV» Program Accessidie Registers, for 
description and use of the various registers. 


Attempted execution on Normal or BAR Mode causes” an 
Itiegat Procedure Fault. 
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Absolute Address to Accumulator 212 (0) 
Basic Instruction Format (See Figure 2-1). 


Final Main Store Address <-> Ct{A)0,23 


ODeeeQ -> C(AI24,35 
All except DU, Di, CI» SCs SCR 
(Indicators not listed are not affected) 


If CtA) = 05 then ON$ ofherwise OFF 

If CCA0 = Ly Then ON$ ofherwise OFF 

If the ABSA instruction is executed in Absolute mode, CCA) 
will be undef inede 


Attempted execution in Normai or BAR modes causes an 
Iltegai Procedure Fault. 


Attempted repetition with RPT, RPD» or RPL causes an 
It tegal Procedure Fault. , 


Delay Untif Interrupt Signal 616 (0) 
Basic Instruction Format (See Figure 2-1). 


No operation takes placey, and the Processor does not 
continue with the next instruction$ it waits fora 
program interrupt signal. 


All, but none affect instruction execution 


None affected 


Attempted execution in Normal or BAR Mode causes an 
Ittegal Procedure Fault. 


Attempted repetition with RPT, RPD» or RPL causes an 
Iltegal Procedure Fault. 
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EIS = ADDRESS REGISTER LOAD 


“EXTENDED"INSTRUCTION"“SETa_("ELSa) 


“EIS - Address"Register Loaga 
AARn Alphanumeric Descriptor to ARn 56n (1) 
FORMATS EIS Singte-Word Instruction (See Figura 2-1). 
SUMMARY 8 For n = Oy 1s ceoces Or 7 as determined oy operation code 
COYI00e17 -> C(PRnNeHWORDNO) 
If ClY) 21,22 = 00 (TA code = 0), then 
C(Y)18,19 -> C(PRN.CHAR) 
0000 -> C(PRn.BITNO) 
Tf CY) 21,22 = O41 (TA code = 1), then 
(6 * C(Y)218,20) 7 9 -> C(PRn.CHAR) 
(6 * ClY)418,20) modulo 9 -> C{PRn.BITNO) 
If C(Y¥) 21,22 = 10 (TA code = 2), then 
: m C(Y)18,20 / 2 -> C(PRn.CHAR) 
G * (C6Y)18,20) modulo 2) # 1 -> C{PRn-BITNO) 
MODIFICATIONSS All except DU, Dle CI, SCy SCR 
INDICATORS: None affected. 
NOTESS An alphanumeric descriptor is fetched from Y and CC(Y) 21,22 


- REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


{TA fietd) is 
described. | 


examined to defermine the data type 


If TA = 0 (9-bit data), ClY)18,19 goes to C(PRn.CHAR) and 
zeros fill C(IPRnN.BITNO)« 


If TA = 1 (6-bit data) or TA = 2 (4-bit 
is appropriately 
and bit position 
C(PRn-BITNO). 


data), C(Y18,20 
transtated into an equivalent character 
that goes to C(PRneCHAR) and 


If CUY) 24,22 = 11 (TA code = 3) an Ii legal Procedure Fauit 
occurse 


If CCY)23 = 1 an Ltlegal Procedure Fault occurs. 


If Ccy)21,.22 = 00 (TA code = 0) and C(Y)20 = 1 an Illegal 
Procedure Fault occurSe 


If C€YI21222 = O01 (TA code = 1) and C(Y)18,20 = 119 or i111 
an I!tegal Procedure Fault occurse 
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NOTES 
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FORMATS 
SUMMARY 3 


MODIFICATIONS: 
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EIS - ADDRESS REGISTER LOAD 


Attempted repetition with RPT, 
Ittegal Procedure Fault. 


RPO, or RPL causes an 


Load Address Register n 76n (1) 
EIS Single-wWord Instruction (See Figure 2-i)e . 


For nm = Oy Ls eees Or 7 as determined by operation code 


CCYI0,23 -> CLARN) 
All except OUs, DL» CI, SCs SCR 
None affected 


Attempted repetition with RPT, 
Iitegat Procedure Faulte 


RPD, or RPL causes an 


Load Address Registers 463 (1) 
EIS Single-wWord Instruction (See Figure 2-1). 


For n = Og le coos 7 


C(Y¥#nd0e23 -> CARN) 
All except DU, Dle CIs SC» SCR 
None affected 
The hardware assumes Y15,17 = 0090 and addressing is 


incremented accordingly$ no check is made. 


Attempted repetition with RPT, 
Ittiegal Procedure Faulf. 


RPD, or RPL causes an 


Load Pointers and Lengths 467 (1) 


EIS Single-Word Instruction (See Figure 2-1). 
ClY-btock8) -> C(Decimal Unit Control! Jata) 
All except DU, OLe CI, SCy SCR 
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EIS - ADDRESS REGISTER LOAD 


INDICATORS3 None affected 


NOTES’ See. Section IV, Program Accessib!2 


Registers, for 


description and use of Decimal Unit Control Data. 


The hardware assumes Y1i5,i7 = 009 


and addressing is 


incremented accordingly$; no check is made. 


Attempted repetition with RPT, RPD, 


Ittiegal Procedure Fault. 


RPL causes = an 


NARn Numeric Descriptor to ARn 66n (1) 
FORMATS: EIS Singte-Word Instruction (See Figure 2-1). 
SUMMARY: For n = OO, is ecees or 7 as determined oy operation code 
ClY¥)0,17 -> CC(PRn.jWORDNO) 
If C¢y)2i = O CTN code = 0), then 
C(Y¥)18,20 -> CC PRn.CHAR) 
0000 -> C(PRn.BITNO) 
« If cC(yY)2i = 2 (TN code = 1), then 
(C(¥)18,.20) £7 2 -> C{(PRNeCHAR) 
& * (C(Y)18,20 modulo 2) + 1 => SIPRn-BITNO) 
MODIFICATIONS? All except DU, DL» CI, SCs SCR 
INDICATORS: None affected 


NOTESS A numeric descriptor is fetched from Y and C(Y)21 (IN bit) 


is examinede 


If IN = 0 (09-bit data), then CLY)18,19 go to C(PRneCHAR) 


and zeros fil! C(PRn.BITNO). 


If TN = {i (&=bit datas C(Y)18,20 


is appropriately 


transtated to an equivalent character and bit position 
that goes to C(PRneCHAR) and C{(PRnN.BIINO). 


If cty)2i1 = 0 CIN code = 0) and C(Y¥)20 


Procedure Fault occurse 


Attempted repetition with RPT, RPD, 


Ittegal Procedure Faulte 
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EIS - ADDRESS REGISTER STORE 


“EIS - Address"Register Stored 


ARAn 


| 
FORMATS 


SUMMARYS 


MODIFICATIONS’ 
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INDICATORS? 


NOTES3 
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ARn to Alphanumeric Descriptor Sun (1) 
EIS Single-Word Instruction (See Figure 2-1). 


For n = Oy il» econ OF 7 as determined ay operation code 
COCPRnNeWORDNO) -> C(¥)0,17 
If Ctv)21,22 = 00 (TA code = 0), then 
C(PRNeCHAR) -> C(Y)18,19 
0 -> CCY)20 
If Clvy)21,22 = 01 (TA code = 1), then 
(9 * CCPRN.CHAR) + CIPRNBITNO) # 6 => CLYD18,20 
If Ctv)21,22 = 10 (TA code = 2), then 


(9 ® COPRNSCHAR) + C(PRNeBITNO) - 1) 7 & -> CLY)18,20 
Alt except DU, DL, CLI, SCeo SCR 
None affected 


This instruction is the inverse of AAR». 

The alphanumeric descriptor is fetched from Y and 
CtyY)21,22 (TA field) is examined to determine the data 
type described. 

If TA = 0 (9-bit data), CIPRNeCHAR) goes to C(Y)18,19. 

If TA = 1 (6-bit data) or TA = 2 (4-bif data), C(PRne CHAR) 
and CCPRneBITNO) are transitated to an equivatent character 
position that goes to ClY)18,20. 


If Clv)21,22 = 11 (TA code = 3) or CtY)23 = 1 (unused 
bit). an Itlegai Procedure Fault occurs. 


Attempted repetition with RPT, RPD, or RPL causes. an 
Ittegal Procedure Fau!te 
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ARn to Numeric Descriptor 64n (1) 
EIS Single-Word Instruction (See Figure 2-1). 


For n = Os fy ceeosg Or 7 aS determined dy operation code 
C(PRneWORDNO) => CY) 0,17 
If Cty)21 = 0 (TN code = 0), then 
C(PRNeCHAR) -> C(Y)18,19 | 
0 -> C(Y)20 
If Cty)2i = 1 (TN code = 1)» then 


(9 * COPRNCCHAR) + C(PRneBITNO) - 1) 7 & -> C(YI18,20 
All except DU, Ols CIy SCy SCR 
None affected 
This instruction is the inverse of NAR. 


The numeric descriptor is fetched from Y and CCY)21 (TN 
bit) is examined. 


Tf ™ = O (9-bit data), fhen C(PRneCHAR) goes to 
C(V)18,19- 


If IN = 1 (4-bit data)de then C{PRnN.CHAR) and C(PRn.BITNO) 
are translated to an equivatent character position fhat 
goes to CtlY)18,20. 


Attempted repetition with RPT. RPD, or RPL causes. an 
It tegali Procedure Faulte 


Store Address Register n 7&n (1) 
EIS Single-Word Instruction (See Figure 2-1). 


For n = Og Le eees OF 7 aS determined sy operation code 


CIPRNeAR)D -> CLYI0223 


ODeeeD —> CLKYI24,35 
All except DUs Ole CIs SCy SCR 


None affected 
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EIS - ADORESS REGISTER STORE 


Attenpted repetition with RPT.» RPO, or RPL causes an 
Itlegat Procedure Fault. 


Store Address Registers 443 (1) 
EIS Singte-Word Instruction (See Figure 2-1). 


For n= 0» ls ecccs 7 
CCARN) => CLY#n)0, 23 


ODeeeD —> CLYtN) 24,535 
Alli except DUs Ole CI» SCs SCR 
None affected 
Tne hardware assumes Y15,17 = 090 and addressing is 


incremented accordingly; no check is madee 


Attempted repetition with RPT, RPO, or RPL causes an 
Itlegal Procedure Faulite 


Store Pointers and Lengths 447 (1) 
EIS Singie-wWord Instruction (See Figure 2-1). 

C(Decimaal Unit Control Data) -> ClY-biock8) 

Atl except DU, Di» CIs SCs SCR 

None affected 

The hardware assumes .Y15,17 = 000 and addressing is 


incremented accordingly$ no check is made. 


See Section IV, Program Accessiaie Registers, for 
description and use of Decimal Unit Contro! Datae 


Attempted repetition with RPT. RPD, or RPL causes an 
Iitegal Procedure Faulte 


2-177 AL39 


EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 


“EIS - Address"Register Soecial“Arithmetica 


A4&BD Add 4-Bit Displacement to Address Register 502 (1) 


FORMATS 
0 0 60 11 22233 3 3 
aR Ween —t§___________7-§9-0 4-2-__2- 
’ i $33 H 
$ ARn 1 ADDRESS 3 OPCODE i12A30 03 REG 3 
3 18 10 i 1 2 & 


Figure 2-12 EIS Address Register Special Arithmetic Instruction Format 


ARn Number of Address Register selected 

AODRESS Literal word displacement vaiue 

OPCODE Instruction operation code 

I Program Intercupt inhibit bit 

A Use Address Register contents flag 

REG Any Register Modifier except DU, Dl, and IC 
SUMMARY 3 If A = 0» then 


ADORESS #¢ C(REG) 4 & => CIPRn.WORDND) 

CC(REG) modulo & -> C(PRN-CHAR) 

& * (C(REG) moduto 2) # 1 => C(PRn.3ITNO) 
If A = 1, then 


C(PRneWORDNO) + ADDRESS + (9 * CCPRA.CHAR) + & * CIREG) 
+ CUPRn.BITNO)) / 36 -> CEIPRn-WORINO) 


C09 * COPRn.CHAR) + & * CUREG) + 
C(PRn.~BITNO)) modulo 36) / 9 ~> C(PRnN.~CHAR) 


& * (COPRnN.CHAR) + 2 * C(REG) + 
C(PRne«BITNO)I 4 4) modulo 2 + 1 => C(PRn.eBITNO) 


MODIFICATIONS: None except AU, QU, ALs Ql, or Xn 


INDICATORS: None affected 


NOTESS The steps described in SUMMARY define Special 44-bit 


addition arithmetic for ADDRESS, C(2REG), CIPRnN~WORDNO), 
C(PRN.CHAR) » and C(PRn.3ITNO). 
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 


The use of an Address Register is innetent$; the vatue of 
bit 29 affects Address Preparation but not instruction 
decodinge . 


Attempted repetition with RPT, RPD, or RPL causes. an 
Illegal procedure Fault. 


Add 6-Bit Disp!acement to Address Register S01 (1) 


EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 
If A = 0, then 
ADDRESS + C(REG) / 6 -> CI(PRN.WORDNI) 
((6 * CCREG)) modulo 36) 49 -> CC(PRnN-CHAR) 
(6 * CCREG)) modulo 9 => CIPRn.BITND) 
If A= i» then 


C{PRneWORONO) # ADORESS + (9 * CCPRNeCHAR) * & * C{REG) 
+ CIPRneBITNO)) /4 36 -> C(PRneWORINDO) 


(C9 * CCPRN.CHAR) + 6 * C{REG) + 
CC(PRn-BITNO)) modulo 36) 4 39 => CIPRn.CHAR) 


(9 * COPRnN-CHAR) + 6 * C(REG) + 
C(PRN.-BITNO)) modulo 9 -> CCPRN.BITNO?) 


None except AU, QUs AL», QL» and Xn 


None Affected 


The steps described in SUMMARY define special 6-bift 
addition arithmetic for ADDRESS» CC2REG) » C(PRneWORONO), 
C(PRNeCHAR)» and C(PRneBITNO) « 


The use of an Address Register is inherent $ the value of 
bit 29 affects Address Preparation but not instruction 
decoding. 


Atempted repetition with RPT, RPD,», or RPL causes an 
Ilfegal Procedure Fault. 
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 


A9B8D Add 9-Bit Displacement to Address Register 500 (1) 


FORMATS EIS Address Register Special Aritfnmetic Instruction 
(See Figure 2-12). 
SUMMARY 2 If A = 0, then 
ADORESS + C(REG) 7 & => CUPRn.WORDND) 
C(REG) modulo 4& +> C(PRneCHAR) 
If A= ft, then 


C(PRn.WORDNO) # ADDRESS + 
(CCREG) + CEIPRnNeCHARI)/& -> C(PRneWORDNO) 


(COPRn.CHAR) + C(REG)) modulo %& -> COUPRnN.CHAR) 


0000 -> C{PRn.BITNO) 


MODIFICATIONS? None except AU, QU, Als QLs and Xn 


INDICATORS3 None affected 
NOTES3 The steps described in SUMMARY define special 9-bit 
. addition arithmetic for ADORESS, CCREG), ClPRneWORDNO), 


and C(PRneCHAR). 

The use of an Address Register is inherent$; the vatue of 
bit 29 affects Address Preparation but not instruction 
decoding. 


Attempted repetition with RPT, RPD, or RPL causes. an 
I!tegal Procedure Fault. 


ABD Add Bit Displacement to Address Register 503 (1) 


FORMATS EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 
SUMMARY 8 If A = 0, then 


ADDRESS + C{REG) 7 36 -> CIPRn. WORDNO) 


(CCREG) modulo 36) 4 9 -> C(PRn.-CHA2) 
COREG) modulo 9 => CC(PRn-BITNO) 
If A = tt, then 


COPRne-WORONO) # ADDRESS + (9 * CCPRICHAR) + 36 * C(REG) 
+ C(PRneBITNO)) 7 36 -> CIPRneWORINO) 
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((9 * COEPRN.CHAR) + 36 * CCREG) + 
C(PRn. BITNO)) modulo 36) / 9 -> CIPRN.CHAR) 


(9 * COPRN.CHAR) + 36 * CCREG) + 
C(PRn.-BITNO)) modulo 9 -> C(PRneBITNO) 


MODIFICATIONS? None except AUy QUy Aly Qls or XN 


INDICATORS: None affected 
NOTESS The steps described in SUMMARY define special bit addition 
arithmetic for ADDRESS, CCREG) » C(PRn.WORDNO) » 


CIPRN.CHAR), and C(PRN.BITNO). 

The use of an Address Register is inherent$ the vaiue of 
bit 29 affects Address Preparation but not instruction 
decodinge 


Attempted repetition with RPT, RPD» or RPL causes an 
Iitegat Procedure Faulte 


And Add Word Disptacement to Address Register 507 (1) 


FORMATS EIS Address Register Special Arithmetic Instruction 
- (See Figure 2-12). 
SUMMARY 3 If A = 0, then 
ADDRESS + C{REG) -> C(PRn.WORDNO) 
If A = iy then 
CCPRA.HORDNO) + ADDRESS + C({(REG) ->2(PRn.HORDNO) 
00 <-> C(PRn-CHAR) 


0000 -> C(PRn-BITNO) 
MODIFICATIONS: None except AUs QU, AL» QhLs and Xn 
INDICATORS? None affected 


NOTESS The use of an Address Register is inherent$ the vatiue of 


bit 29 affects Address Preparation but not instruction 
decoding. 


Attempted repetition with RPT, RPD, or RPL causes an 
Iliegal Procedure Fault. 
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$480 


FORMAT 


SUMMARY 2 


MODIFICATIONSS . 


wANDICATORS3 


NOTES3 


S68) 


FORMAT? 


SUMMARY 3 
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Subtract 4-bit Displacement from Address Register 522 {1) 


EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 


It A = 0, then 


(ADDRESS # CC(REG) 7 4) -> CEPRnNeHIRDNO) 


C(REG) modulo & -> C(PRN.CHAR) 


& * (C(REG) modulo 2) # 1 => C(PRY¥.BITNO) 
If A = 1, then 


C(PRneWORDNO) - ADDRESS + (9 * C(PRN.CHAR) - & * C{REG) 
+ COPRnNeBITNO)) 7 36 -> CIPRNeWORINO) 


((9 * COPRn.CHAR) - & * CCREG) F¢ 
C(PRn.BITNO)) modulo 36) 4 9 => C(PRN.CHAR) 


& * (CUPRnNeCHAR) - 2 * CCREG) + 
C(PRnNeBITNO) £7 &)-modulo 2 + 41 -> C(PRn.~BITNO) 
None except AU, QU, Als Qkhs or Xn 


None affected 


The steps described in SUMMARY define special 4-bit 
subtraction arithmetic for ADDRESS, C(REG), C(PRn.-WORDNO), 
C(PRn.CHAR) » and C{IPRnN.BITNOD. 


The use of an Address Register is inxyerent; the value of 
bit 29 affects Address Preparation buat not instruction 
decoding. 


Attempted repetition with RPT, RPOD, or RPL causes an 
Ittegal procedure Fault. 


Subtract 6-Bit Displacement from Address Register 521(1) 


EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 


If A = O, then 


(ADDRESS + CC(REG) 7 6) => CUPRneWORDNO) 


((6 * CCREG)) moculo 36) 7 9 -> CIPRnN.CHAR) 


((6 * COREG)? modulo 9 -> C(PRn-BITNO) 
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NOTES 
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FORMATS 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS: 


NOTES: 
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If A = 1s then 


COCPRn.-WORDNO) - ADDRESS + (9 * C(PRI.CHAR) - & * CLREG) 
+ COPRne BIINO)) 7 36 -> CIPRn.WORINO) 


((9 * COPRnN.CHAR) - 6 * CC(REG) + 
C(PRn-BITNO)) modulo 36) / 9 => CCPRN.CHAR) 


(9 * CCPRnN.CHAR) - 6 * CC(REG) + 
C(UPRneBITNO)) modulo 9 -> C{PRn.BIYNO) 


None except AU, QU, Als Ql, and Xn 


None Affected 


The. steps described in SUMMARY define special b-bit 
subtraction arithmetic for ADDRESS, C(REG)» CUCPRnNeWORDNO),. 
COPRnN.CHAR), and C(PRnN.-BITNO).« 


The use of an Address Register is inrerent$ the vatue of 
bit 29 affects Address Preparation but not instruction 
decodinge 


Atempted repetition with RPT, RPO, or RPL causes an 
Iliegal Procedure Fault. 


Subtract 9-Bit Disptacement from Address Register 520 (1) 


EIS Address Register Special Arithmetic Instruction 


(See Figure 2-12). 


If A = 0, then 


(ADDRESS # C(REG) / &) => CLPRn.WORDNO) 


CCREG) modulo & => C(PRnN.CHAR) 
It A = i, then . . 


C(PRnN.WORDNO) = ADORESS + 
(CEPRN.CHAR) - CCREG)) 7 & -> C{P2.CHAR) 


(COPRnNeCHAR) = CCREG)) modulo & => SO(PRn.CHAR) 


0000 -> C{(PRn.BITNO) 


None except AU,y QU, Aly QU, or Xn 
None affected 


The steps described in SUMMARY define special 9-vit 
subtraction aritnmetic for ADDRESS, COREG), CIP>8neWOREND), 
and C(PRnreCHAR) « 


2-183 AL39 


EIS = ADDRESS REGISTER SPECIAL ARITHMETIC 


The use of an Address Register is inrerent: the value of 
bit 29 affects Address Preparation bust not instruction 
decodinge , 


Attempted repetition with RPT, RPO, or RPL causes an 
Ii fegal Procedure Faulte 


sBD Subtract Bit Displacement from Address Register $23 (1) 


FORMATS EIS Address Register Special Arithmetic Instruction 
(See ‘Figure 2-12). 


SUMMARY 2 If A = 0, then 


(ADDRESS + CC(REG) / 36) -> COCPRn-AORDNO) 


(CCREG) modulo 36) 7 9 -> C(PRnC4AR) 


C(REG) modulo 9 -> = C(PRN.~BITNG) 
If A = ty then 


CCPRnN-WORDND) = ADDRESS + (9 * CIPRI-CHAR) - 36 * C(REG) 
+ C(PRneBITNO)) / 36 -> C(PRneWORINO) 


- (€9 * COPRn.CHAR) - 36 * C(REG) + 
C(PRn.BITNO)) modulo 36) / 9 -> CIPRn.CHAR) 


(9 * COPRN-CHAR) - 36 * CCREG) + 
 CUPRnN.BITNO)) modulo 9 ~> CIPRneBITNO?) 


MODIFICATIONS: None except AUs QU, Als Qhys or Xn 


INDICATORSS None affected 


NOTESS Tne steps described in SUMMARY define special! bit 
subtraction arifhmetic for ADDRESS, C(REG) », CEPRneWORDNO) , 
COPRNeCHAR),» and C(PRN.BITNO). 


The use of an Address Register is inrerent$ the vatue of 
bit 29 affects Address Preparation but not instruction 
decoding. 


Attempted repetition witn RPT, RPOD, or RPL causes an 
Iliegai Procedure Fault. 
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Subtract Word Displacement from Address Register S27 (1) 


EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 
If A = 0,5 then 

- (ADDRESS + C(REG)) -> COUPRn.WORDND) 
If A = i, then . 

COPRNeWORDNO) - (ADDRESS # CL{REG)) => CCPRneHORDNO) 
00 -> C(PRneCHAR) | | 


0000 <-> C{(PRn-BITNO) 
None except AU, QUs Al, QLs. or Xn 
None Affected 


Tne use of an Address Register is inherent $ the valiue of 
bit 2393 affects Address Preparation but not instruction 
decodinge 


Attempted repetition with RPT, RPD, or RPL causes an 
Ililegal Procedure Fault. 
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“EIS - Alonanumeric Comoarea 


CMPC Compare Alphanumeric Character Strings 106 (1) 
FORMATS 
0 0oo2zi1 id 22222 222 
P| PC eRe - ee Oe! Ee PAE Oni RRERM' See SW ee NL. Geen GON - RE | eee ae 
i 3 3 3 a | 
H FILL 10 03 MF2 3 106 (1) +e | MFL 
b ent ener GR) Re ee ear I See ieee nee OO EY Het 
3 3 2 71 i 13 10 1 
H Yecharni ! CNL 2TALIDE NL i 
h enone eee emer eer: eT Meeee Oe: i zs Sm 
3 H i 3 
3 Y-charn2 : CN2 10 0 Q3 N2 
ee ag I I at 


18 3 21 12 


Figure 2-13 Compare Alphanumeric Strings (CMPC) EIS Multi-Word Instruction Format 


’ 


FILL Fill character for string extension 

MFi Modification Field for Operand Descriptor 1 
*MF2 Modification Field for Operand Descriptor 2 

I program Interrupt inhibit bit 

Y-charogl Address of “ieft-hand” string 

CNL First character position of “left-nand™ string 

TAL Data type of “left-hand” string 

Ni Length of “left=nand”" string 

Y-charo2d Address of “right-hand” string 

CN2 First character position of “right-hand” string 

N2 Length of “right=nand® string 


ALM Coding Formats 


cmpc (MF1),(MF2)T,fiilloctalexpression) } 

descné Y-chargil(CNidJ,Ni D = 4e be or 9 (TAL = 2, ie or 0) 

descna Y-charp2U((CNn2)3.N2 ND = Se Se or 9 (TA2 is ignored) 
SUMMARY For i = lo 29 eoos minimum (N1,N2) 


CCY-charpldi-1 33 ClY¥-cnarn2di-t 
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If Ni < N2, then for i = NL4t1,_— NLt2, coos N2 
COFILL) 33 CCY¥-charp2)i-1 
If N2 < N2_, then for i = N2¢1— N2¢29 coos Ni 


C(Y-charnidiq“-1 %8 C(FILL) 
None except AU, QU, Als Qhe or Xn for MF1 and MF2 
{Indicators not ltisted are not affected) 


If CYecharnidi = ClY¥-charg2)i for all is then ONS 
otherwise, OFF 


If C€Y¥-charnidi < ClY-charg2)i for any i, then OFFS$ 
otherwise ON 


Botn strings are treated as the data type given for the 
“left-hand” strings, TAle Tne data type given tor the 
“right-hand” strings TA2, is ignored. 


Comparision is made on full 9-bit fields. If the given 
data type is not 99-bit (TAL # 0), then characters froa 
ClY-charpi) and ClY-charp2) are high-order zero filled. 
All 9 bits of C(FILL) are used. 


Instruction execution proceeds until an inequatity is 
found or the targer string length count is exhausted. 


If MFKeRL = i, then Nk does not contain the operand 
length$ instead, it contains a register code for a 
register holding the operand ltiength. 


If MF&eID = 1, then the kth word folloning the Instruction 
Word does not contain an Operand Descriptor$ instead, if 
contains an Indirect Pointer to the Op2rand Oescriptor. 


Attempted execution with XED causes an Iliegal Procedure 
Faulite 


Attempted repetition with RPT. RPD» or RPL causes an 
Iifegal Procedure Fault. 
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sco Scan Characters Double 120 (1) 
FORMAT? 

0 5 ie | i121 22222 222333 3 
eg a a OO 8 
| H F] 13 i 
1090000006000 0 983 MF 2 1 120 (1) tr: MFL | 
| LAER Od eRe RE ARONE! OSLER SER SERRE! nese et ene meer Pate! Ve MEARE REEF 
3 11 73 3 “$ 3 10 i 73% 
| Y-chargl 1 CNL 3TA1203 NL 
; aoe Be 
1 3 3 22 123 
H Y-charn2 ! CN2 30 0000090000000 0 B63 

ee eee! anenmaeee sere Bic saa 

3 . 3 3 - % 2 15% 
{ Y3 10 0000090 00 0 O08A%20 0 REG 13 

BE a ae ee a ee ete cs ad 
18 11 i 2 4 


Figure 2-14 


MF1 
MF2 

“I 
Y-charpl 
CN1 


TAI 


REG 


Scan Characters Double (SCD) EIS Multi-Word Enstruction Format 


Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Program Interrupt inhibit bit 

Address of string | 

First character position of string 

Data type of string 

Length of string ep 
Address of test character pair 

First character position of test character pair 
Address of compare count word 

Indirect via Pointer Register flag for Y3 


Register modifier for Y3 


ALM Coding Format? 


(MF 1), (MF2) 


scd 

descnpa YechargiltCni)d) Ni QO = Ge 6s or 9 (TAL = 25 1s or 0) 
descna Y-cnarn2t(CNn2)) DB = Se 6 or 9 (TA2 is ignored) 
arg Y3{,tag) 
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Taity 
Runout 


NOTES: 


SCOR 


FORMAT3 


SUMMARY 3 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


EIS - ALPHANUMERIC COMPARE 


For i = le 29 eeoeos Ni-i 
CY-charnidin~tysi 2 C(Y¥-charg2)0e1 
On instruction completion | 
O0.ee0 -> CLY3I0011 
i -> C(Y3)12,35 


None except AU, QU, Als Ql, or Xn for MFi and REG 
None except DUs AU, QU, Aly Qlhy or Xn for MF2 


(Indicators not listed are not affected) 


If the string length count is exhausted without a match, 
or if N12 = i, then ON$ otherwise OFF 


Botn the string and the test character pair are treated as 
the data type given for the strings TAl. The data type 
given for the test character pair, TA2, is ignored. 


Instruction execution proceeds unfit a character pair 
match is found or the string tength count is exhausted. 


If MFkeRL = 1, then Nk does not contain the operand 
fengths; instead, it contains a register code for a 
register holding the operand iength. 

If MFkeID = i, then the kfh word follosing the Instruction 
Word does not contain an Operand Descriptor$ instead, if 
contains an Indirect Pointer to the Operand Descriptor. 

If mf2.1I0 = 0 and MF2.REG = DU, fhen the second word 
following the Instruction Word does not contain an Operand 
Descriptor for the test character pair$3; instead, if 
contains the test character pair as a Direct Upper operand 
in bits 0,17. 


Attempted execution with XED causes an Itt!ega! Procedure 
Faulte 


Attempted repetition with RPT, RPD, or RPL causes an 
Tifegal Procedure Faulte 


Scan Characters Double in Reverse 421 (€41) 


Same as Scan Characters Double (SCD) (See Figure 2-14). 


For i= 1, 2s ecco? Ni-i 


CCYecharnidNiei-1i,gNlin-i 33 ClY¥-cnarg2)091 


2-189 AL39 


EIS = ALPHANUMERIC COMPARE 
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On instruction completion 
DDeeeD -> CLVY3)O0,114 


i -> C(Y3012,35 


None excepf AUs QU, Ale Qlsy or Xn for MF1 and REG 
None except DUs AU, QUs Aly Qls or Xn for MF2 


(Indicators not listed are not affected) 


If the string length count is exhausted without a match, 
or if Ni = Ls then ON$ otherwise OFF 


Both the string and the test character pair are treated as 
the data type given for the string, TAl. The data type 
given for the test character pair, TA2, is ignored. 


Instruction execution proceeds” untfii} a character pair 
match is found or the string length count is exhausted. 


If MF&RL = 1, tnen Nk does not contain the operand 
Sengths instead, it contains a register code for a 
register holding the operand fengthe 


It MFkeID = 1, then the kth word following the Instruction 
Word does not contain an Operand Descriptor3; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 


If MF2e10 = 9 and MF2.REG = DU, then the second word 
folloning the Instruction Word does not contain an Operand 
Descriptor for the test character pair$ instead, it 
contains the test character pair as a Direct Upper operand 
in bits O17. | 


Attempted execution with XED causes an Itlegal Procedure 
Fauite 


Attempted repetition with RPT, RPO, or RPL causes an 
Tiflegal Procedure Fault. 
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Scan with Mask 124 
FORMATS 

0 oog1i1 ii 22222 22233 3 3 
aa ceSaSRRRGERIS WERLEE GERULGESERREITINT GREER GE! ERASE 
i H 3 

| MASK ?0 02 MF2 3 124 (2) 113 MF | 
1 Eee a eee 
| 3 2 73 i i | 10 i 73 
i Ye-charni $ CN1 3TA1I03 Ni H 
p UPR aneer enEE Sa ny a Iae EEE eS SERENITY RED Oe) DENCE Re eee eee SF 
a t i 22 121 
8 Y-charne2 ' CN2 1000000000900 0 9 0 D3 
ee i a a eet i ee 
3 3 3 a H 15! 
3 Y3 $0 090000 090 00 OFA30 0% REG 3 
a ee ed 
18 14 1 2 4 


Figure 2-15 Scan with Mask (SCM) EIS Multi-Word Instruction Format 


MASK Comparison bit mask 

MFi Modification Field for Operand Descriptor 1 
“MF2 Modif ication Fieid for Operand Descriptor 2 
I Program Interrupt inhibit bit 

Y-charali Address of string 

CNL First char acter position of string 

TAL Data type of string 

Ni Length of string 

Y-charn2 Address of test character 

CN2 First character position of test character 
Y3 Address of compare count word 

A , Indirect via Fointer Register fiag for Y3 
REG Register modifier for Y3 


ALM Coding Format? 


(1) 


scm (MF1) ¢(MF2)0C,maskloctalexpression) } 

descna Yechnarnil (Cn )) Ni DN = Gs be or 9 (TAL = 2e 1, or 0) 
descnpa Y-charn2t(CN2)) fh = 4s 6, or 9 (TA2 is ignored) 
arg Y3{,tag) 
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For characters i = le 2e ecees Ni 
For bits } = Oe Le coos 8 


C(Z2) = ~CUMASK)) & 
(CC Y¥-charnidi-1)) 8 (ClY¥-charn2)1))) 


If C(Z)058 = 00-2205 then 
O0..-0 -> CLY3)0,11 
i => C(Y3)12,35 
otherwise, continue scan of C(Y-charnil) 


None except AU, QUs Als Qly or Xn for MFL and REG 
None except DU, AU, QUs Aly QhLs or Xn for MF2 


(Indicators not listed are not affected) 


If the string length count exhausts, then ON} 
otherwise, OFF 


Both the string and the test character are treated as the 
data type given for the strings TAL. The data type given 
for the test character, TA2, is ignored. 


Instruction execution proceeds until a masked character 
match is found or the string length count is exhausted. 


Masking and comparision is done on full 9-bit fields. If 
the given data type is not 9Q9-bit {TAl # 9)- then 
characters from C(lY-chargl) and ClY¥<-charn2) are high-order 
zero filled. Ati 9 bits of CC(MASK) are used. 


If MFL.RL = is then Ni does not contain the operand 
length$ instead, it contains a register code for a 
register noiding tne operand lengthe 


If MFkKeID = 1, then the kth word following the Instruction 
Word does not contain an Operand Descciptor3; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 

If MF2.I0 = 0 and MF2.REG = DU, then the second word 
following the Instruction word does not contain an Operand 
Descriptor for the test character$ instead, it contains 
the test character as a Oirect Upper opverand in bits 058. 


Attempted execution with XEO causes an ITilegal Procedure 


Fault. 


Attempted repetition with RPT, RPD, or RPL causes” an 
Iitegal Procedure Faulfe 
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Scan with Mask in Reverse 125 (1) 
Same as Scan with Mask (SCM) (See Figure 2-15). 


For characters i = 1s 29 eees Ni 
For bits jJ = Oy Le eovg 8 


C(Z)) = “CCHASK)) & 
((C(¥-chargt) Ni-id} © (CC¥-charn2)1)))- 


If C(Z)048 = OOeeeDde then 
O00e..0 -> CLY¥Y3)0,11 
i -> C(Y3)12,35 


otherwise, continue scan of ClY-charnti) 


None except AU, QUs Als, QL, or Xn for 4F1 and REG 
None except DU, AUs QUs Aly Qhy or Xn for MF2 


(Indicators not listed are not affected) 


If the string length count exhausts, then ON$ 
otherwise, OFF 


Both the string and the test character are treated as the 
data type given for the string, TAie Tne data type given 
for the test character, TA2, is ignored. 


Instruction execution proceeds until’ a masked character 
match is found or the string length count is exhausted. 


Masking and comparision is done on full 39-bit fields. If 
the given data type is not 93-bit (TAL # 9), fhen 
characters from C(Y-cnarni) and ClY-charg2) are high-order 
zero filled. Ali 9 bits of C{MASK) are used. 


If MFL.RL = i, then Ni does not contain the operand 
lengths instead, if contains a register code for a 
register holding the operand iengthe 


If MF&eID = 1, then the kth word following the Instruction 
Word does not contain an Operand Descciptor$ instead, it 
contains an Indirect Pointer to the Operand Descriptor. 


If MF2.ID = 0 and MF2.REG = DU, ther the second word 
following the Instruction Word does not contain an Operand 
Descriptor for the test characters; instead, it contains 
the test character as a Direct Upper oserand in bits 0,8. 


Attempted execution with XED causes an Illegal Procedure 
Fault. 


Attempted repetition with RPT, RPD. or RPL causes an 
ITitegaJ Procedure Fault. 
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TcT Test Character and Transtate 164 (1) 


FORMATS 
") oo ee eee 222333 3 
aa sci Seen isc (i WESC 
1 : 1 
to 00000000008 0000001 164 (1) 11} MFA 1 
a Sid ae Enna: ¢ 
: | : ee 10 1 73 
’ Y-charol i CNL ITALIO8 N1 
: eee oer a Ns De ee 
: i 3. 21 ie ae 151 
: Y-char92 10000000000 O:A:0 0: REG 3 
Sane URAL 1 EOESOT ORE BPD: 
i : 
' Y3 10000000000 0:A:0 Of REG 3 
panne Rian eneeTS Fs a a a aie ee Wee: Weare: Seem A 
18 41 i 2 & 


Figure 2-16 Test Character and Transtate (TCT) EIS Mulfi-Nord Instruction Format 


MFi Modification Field for Operand Descriptor 1 


I Program Interrupt inhibit bit 
~Y-chargi Address of string 

CN1 First character position of string 

TAL Data type $4 Siping 

Ni Length of string 

Y-char32 Address of character transtation table 

Y3 Address of result word 

A Indirect via Pointer Register flag for Y2 and Y3 
REG Register modifier for Y2 and Y3 


ALM Coding Format: 


tct (MF 1) 
descna Yecharnilt(Cn1) 19N1 Dn = 4s 6s or 9 (TAL = 29 is or 0) 
arg Y-cnarg2(, tag) 
arg Y3{L,tag) 
SUMMARY 3 For i = le 2s eces Ni 


m = ClY-chargtli)i-1 
If ClY-char92)m-1 # ODeceeD,y then 


CCY¥-char92)m-1 -> CCY3008 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 2-194 AL39 


MODIFICATIONS? 


INDICATORS? 


Tatty 
Runouft 


NOTESS 


TCTR 


FORMAT? 


SUMMARY 3 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


EIS - ALPHANUMERIC COMPARE 


000 -> C(Y3)9,11 
i -> C(Y3)12,35 


otherwise, continue scan of Cly-cha*gi) 
None except AUs QU, Al» Qle or Xn for MF1i and REG 
(Indicators not tisted are not affected) 


If the string tength count exhausts then ON$ 
otherwise, OFF 


If the data type of the string to be ssanned is not 93-bit 
(TAL # 0), then characters fron ClY-charnl)i are 
high-order zero filled in forming the table index, me 


Instruction execution proceeds until a non-zero table 
entry is found or the string length count is exhausted. 


If MFi.eRL = i, then Ni does not contain tne operand 
lengths instead, it contains a register code for a 
register holding the operand lengthe 

If MFi-ID = 1, then the first word following the 
Instruction Word does not contain an dJperand ODescriptor$ 
instead, it contains an Indirect Pointer to the Operand 
Oescriptor. 


Attempted execution with XED causes an Itiegal Procedure 
Fault. a 


Attempted repetition with RPT, RPD, or RPL causes an 
Itlegal Procedure Fault. 


Test Character and Transitate in Reverse 165 (1) 


Same as Test Character and Transitate (TCT) 
(See Figure 2-16). 
For i= le 2s eons Ni 

m = ClY¥-charpi1)Ni-i 


If Cl¥-char92)m-1 # 0042.0, then 


ClY¥-char92)m—-1i -> ClCY3)058 
000 -> C(Y3)9,11 
i -> C(Y3)12,35 


otherwise, continue scan of Cly-cha*n1) 
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None except AU, QU, Al» Qlhy or Xn for “4FL and REG 
(Indicators not listed are not affected) 


If the string length count exhausts, then ONS 
otherwise, OFF 


If the data type of the string to be scanned is not 99-bit 
(TAL # 0)» then characters fron C(Y¥-charnidi are 
high-order zero filled in forming the table indexes me 


Instruction execution proceeds until a non-zero table 
entry is found or the string tength count is exhaustede 


If MFi-RL = Ae then NL does not contain the operand 
lengths instead, it contains a register code for a 
register holding the operand tengthe 


If MF1.ID = 1,5 then the first word following the 
Instruction Word does not contain an Operand Descriptors 
instead, it contains an Indirect Pointer to the Operand 
Descriptore 


Attempted execution with XED causes an I[ilegal Procedure 
Faulte 


Attempted repetition with RPT, RPD, or RPL causes an 
LTilegal Procedure Fauite 
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“EIS - Alonanumeric Movea 
MLR Move Alphanumeric Left to Right 100 (1) 
FORMATS 
0 oOoiil 11 2222e2 222 3 
wD ec re ee a TB a eS A a 8 8 
i 33 8 3 te | ] 
a FILL T3203 MF2 H 100 (1) 323 MFi i 
a a a a 
i 911 7I i 3 3 10 1 71 
t Yechargi 3 CNi $TA1LI0!2 Ni } 
Be i a a 
i | t a | : 
1 Yocharp2 1 CN2 iTA2303 N2 1 
Ee ae eee ERE EON ERLE cere KLOET Neti red MVE: MEER eee iL 
18 3 2i 12 


Figure 2-17 Move Afphanumeric Left to Right (MLR) EIS Multi-wWord 
Instruction Format 


FILL ; Fill character for string extension 

T Truncation Fault enable bit . 
“MFA Modification Field for Operand Descriptor 1 
MF2 Modification Fieid for Operand Descriptor 2 
Y-charni Address of sending string 

CNi First character position of sending string 
TA1 Data type of sending string 

Ni Length of sending string 

Y-chearn2 Address of receiving string 

CN2 First character position of receiving string 
TA2 Data type of receiving string 

N2 Length of receiving string 


ALM Coding Format? 


mir (MFLD,(MF2ICL,filtitoctatexpression) lf ,erablefault) 

descpa Y-cnarnil((CN1)),NL ND = by Gy or 9 (TAL = 29 Ay or DO) 

descpa Y-cnarn2t(Cn2)1,N2 D = &e 6, or 9 (TA2 = 2e 1y or 0) 
SUMMARY 3 For i = i, ee eoos Minimum (N1,N2) 


Ct¥-charnldici1 -> CCY¥-charn2die-1 
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If NL < N2,_5 then for i = Nitti, Nit2—e eeosy N2 


CCFILL) -> ClY-charg2)i-~-it 


None except AU, QU, ALsy Qhs or Xn for Y4YFL and MF2 


{Indicators not listed are not affected) 


If Ni > N2 then ON$ otherwise OFF 


If data types are dissimiftar (TA1 #4 TA2), each character 
is high-order truncated or zero filled, as appropriate, as 
it iS movede No character conversion takes place. 


If Ni > N2_y then (N1-N2) trailing characters of 
C(¥-charnli) are not moved and the Truncation indicator is 
set ON. 


If NL < N2 and TA2 = 2 (e-dit data) or 1 (6-bit data), 
then FILL characters are high-order truncated as they are 


moved to C(lY~-charg2). No characte* conversion takes 
place. 
If Ni < N2, CCFILLIO = 1,4 TAL = 15 ard TA2 = 2y then 


CtY-charnpi)Ni is examined for a GBCD overpunch signe If a 
negative overpunch sign is found, then the minus sign 
character is placed in C(Y¥-charn2)N2$ otherwise, a olus 
Sign character is placed in Ct(Y-charn2)N2. 


If MFkeRL = 1, then Nk does not contain the operand 
jength; instead, it contains a rejzister code for a 
register holding the operand length. 


If MFkeID = 15 then the kth word following the Instruction 
Word does not contain an Operand Descriptor3 instead, it 
contains an Indirect Pointer to the Operand Descriptor. 


C(Y-charni) and ClY¥-charn2) may be overlapping strings} no 
check is madee TnisS feature iS useful for replication of 
substrings within a larger string, but care must be 
exercised in the construction of the IJperand Descriptors 
30 that sending String (C{Y¥-cnatqgi)) data is not 
inadvertentiy destroyed. 


Tne user of string replication or overtaying is warned 
tnat The Decima! Unit addresses the main store in 
unaligned (not on 0 modulo 8 boundary) units of Y-dlock8 
words and that the overlayed string (ClY-cnarg2)) is not 
returned to main store until the unit of Y-block8 words is 


filled or the instruction completes. 
If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fault occurSe 


Attempted execution with XED causes an Illegal Procedure 
Faulte 
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EIS - ALPHANUMERIC MOVE 


Attempted repetition with RPT, RPD», or RPL causes an 
Illegat Proceture Fauite 


Move Alphanumeric Right to Left 101 (1) 


Same as Move Alphanumeric Left to Right (MLR) 
(See Figure 2-17}. 


For i = ie 29 eees minimum (NigN2) 
ClY-charnidNi-i -> CCY-charg2) N2-i 
If N1 <.N2, then for i = Nitly N2¢1_ coos N2 


COUFILL) -> C(Y¥-charn2)N2-i 
None except AUsy QUsy Als, Qkhe or Xn for MF1 and MF2 
(Indicators not iisted are not affected) 
If Ni > N2 then ON$ otherwise OFF 


If data types are dissimitar (TAL # TA2), each character 
is high-order truncated or zero filled, as appropriate, as 
it is moved. No character conversion takes place. 


If Ni > N2, then (N1-N2) leading characters of ClY-chargi) 
are not moved and the Truncation indicator is set ON. 


If NL < N2 and TA2 = 2 (k-bit data) or 1 (6-bit data), 
then FILL characters are high-order truncated as they are 
moved to ClY-charn2)e No characte~ conversion takes 
place. 


If MFkeRL = 1, then Nk does not contain the operand 
lengths instead, it contains a register code for a 
register holding the operand lengthe 


If MFkeID = 1» then the kth word following the Instruction 
Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Operand Descriptore 


CtY-charni) and ClY-charyp2) may be overtapping strings$ no 
check is madee This feature is useful for replication of 
substrings within a targer strings, but care must be 


e 


exercised in the construction of the Operand Descriptors 
so that sending string (ClY-charpi)) data is not 
inadvertentiy destroyed. 


Tne user of string replication or overlaying is warned 
that the Decimal Unit addresses tne main store in 
unaligned (not on 0 modulo 8 boundary) units of Yroiock8 
words and that the overlayed string (C(Y-charn2)) is not 
returned to main store until the unit of Y-blocwn8 words is 
filled or tne instruction completes. 
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If YT = 4% and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Over fiow) 
Fault occurse : 
Attempted execution with XED causes an [tl legal Procedure 
Faulte 
Attempted repetition witn RPT, RPD, or RPL causes an 
Ittegal Procedure Fauite 
Move Alphanumeric Edited 020 (1) 

FORMATS 
0090 00311 11 22222 222 3 

A a a nD 8 

3 H 3 3 } | a | 3 

$0 O83 MF3 10 03 MF 2 3 020 (1) + & MFi H 

B SeS, ee Nem eet ERA ERAN R Te STERN TSE (SERENE A WEE ALE RE OPE! Skea eR! 

% 2 7 2 7i H 3 2 10 ft 73 

3 Y-chargqi 7 CN1 ITA1303 Ni } 

p ape . TE LEE SENS Eee Sakae Re ee ee See EN 2 

3 i H 3 + 

$ Y-char32 1 CN2 10 0 983 N2 H 

Sean De ee SE aT CELESTE! LAL ree EERO AE et a RO SNe eee 

3 HY 3 te | H 

2. Y-charg3 i CN3 i1TA3203 N3 t 

i iB a a a 

3 183 3 2i te $ 123 


Figure 2-18 Move Alphanumeric Edited (MVE) EIS Multi-Word Instruction Fermat 


NFL Modification Field for Operand Descriptor 1 
MF2 Modification Field for Operand Descriptor 2 
MF3 Modification Field for Operand Descriptor 3 
T Program Interrupt inhibit bit 

Y-charni Address of sending string 

CNi First character position of sending string 
TAL Data type of sending string 

N1i Length of sending string 

Y-char92 Address of MOP control string 

CN2 First character position of MOP control string 
N2 Length of MOP contro! string 

Y-charn3 Address of receiving string 
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CN3 
TAS 


N3 
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First character position of receiving string 
Data type of receiving string 


Length of receiving string 


ALM Coding Format: 


mye 

descna 
desc3a 
aescnoa 
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(MF 1), (MF2) 5 OMFS) 


Y¥<cnarnil(CNnid) _Ni DQ = 4s 6s or 9 (TAL = 2, 15 or 0) 
Y-char92[(CN2)3—N2 
Y-cnarn3((CN3)3_N3 NO = Se be or 9 (TAS = 2e iy or 0) 


C(Y¥-charnt) -> ClY¥-charng3) under ClY¥_cnar92) MOP contro! 


See “Micro Operations for Edit Instructions” tater in this 
section for details of editing under MIP controle 


None except AU, QU, Als» Qhe or Xn for 4F1i, MF2, and MF3 


None affected 


If data types are dissimilar (TAL # TA3), each character 
of ClY-charni) is high-order truncated or zero filled, as 
appropriate, as it is movede No cnaracter conversion 
takes place. 


If the data type of the receiving striag is not 9-bit (TAZ 
# 0) then Insertion Characters are nigh-orcer truncated 
as they are inserted. 


Tne maximum string length is 63. The count fields Nile N2,s . 
and N3 are treated as modulo 64 numbers. 


The instruction completes normally only if N3 = = mMminimun. 
(N1tgN2,N3)9 that is, if the receiving string is the first 
to exhaust; otherwise, an Itlega! Procedure Fau!t occurs. 


If MFKeRL = i, then Nk does not contain the operand 
fength; instead, it contains a register code for a 
register holding the operand tength. 


If MFKeID = 1, then the kth word follloning the Instruction 
Word does not confain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Operand Descriptore 


CCYecharpid and ClY¥-charg3) may be overlapping strings} no 
check is madee This feature is useful for replication of 


substrings within a larger string, but care must be 
exercised in the construction of the IJperand Descriptors 
so that sending -string (C(Y¥-charnp1)) data is not 
inadvertentty destroyed. : 


The user of string replication or overtaying is warned 
that the Decimal Unit addresses tne main store in 
unaftigned (not on 0 modulo 8 boundary) units of Y-block8 
words and that the overlayed string (CCY-chern3)) is not 
ceeturned to main store until the unit of Y-oiccks words is 
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FORMATS 


0 dou Lt. 2922-22 2.2 2.53 3-3 3 
—— Sn ene ee eee 
: i 23 : 

: FILL tT103 MF2 H 160 (1) 113 MF L : 
} {cent ee Neer naeeeor NEE ey ekrmc tre Net et aaa ke ee See: 
: 911 7% ’ ii 10 1 73 
: Y-charol 1 CNL ITALIOt Ni : 
y Gieetemsmeneeeere nena ee Ee nae Le Send Ieee os eer ene een ee 
i : : 3 i 
{ Y-charn2 1 CN2 1TA2102 N2 : 
cca ice Seatac Be he 
: 183 3 21 tf : 123 
i Y-char933 19 0000000 00 O3AI0 OF REG 3 
yn cee ane Oe eee REE) Re eRe Nene eae Seer y 
18 41 1 2 4 


. 


Figure 2-193 Move Alphanumeric with Translation (MVT) =IS Multi-Word 
Instruction Format 


FILL Fill character for string extension 

T Truncation Fault enable bit 

MF1 Modification Field for Operand Descriptor 1 
MF2 Modification Field for Operand Descriptor 2 
Y-charpli Address of sending string 

CNi First character position of sending sting 
TAL Data type of sending string 

Ni Length of sending string 

Y-charpe Address of receiving string 

CN2 First character position of receiving string 
TA2 Data type of receiving string 

N2 Length of receiving string 

Yechar93 Address of character translation table 
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Indirect via Pointer Register flag for Y-char9g93 


Register modifier for Y-char933 


ALN Coding Format: 


aut 
descna 
descna 
arg 
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(MPL) oS (CMF2) Ce fi litoct alexpression) ]{ ,e rable fault) 
Yrcharnlt(Cni)) Ni oO be 6, or 9 (TAL 29 1s or 0) 
Yecharn2{(CNn2)}35N2 n us, 6, or 9 (TA2 29 i, or 0) 
Yechar93[, tag) 


wou 


For i = 1» 2s ecoes minimum (NigN2) 
m= C(Y-chargt)i-i 


ClY-char93)m-1 <-> ClY¥-charn2)i-1 


If NL < N2y then for i = Nitiy N1#25 coos N2 


m = C(FILL) 


ClY-char93)m—-1 -> ClY-charg2)i-1 


None except AUs QUy Als Qh» and Xn for MFi, MF2s and REG 


(Indicators not ltisted are not affected) . 
If N12 > N2 then ON$ otherwise OFF 


If tne data type of the receiving field is not 9-pit (TA2 
¥ 0), then characters from ClY-char93) are high-order 
truncated, as appropriate, as they areemovede 


If the data tyoe of the sending field is not 9-bit (TAL # 
0), then cheracters from ClYecharni) are high-order zero 
fitted when forming the tabie index. 


If N1 > N2, then (N1-N2) leading characters of C(Y-charpi) 
are not moved and the Truncation indicator is set ON. 


If MF&eRL = 1, fhen N& does not contain the operand 
lengths instead, it contains a register code for a 
register hoiding tne operand tengthe 


If MF&eID = 1, then fhe kth word following the Instruction 
Word does not contain an Operand Descriptor$3; instead, if 
contains an Indirect Pointer to the Operand Descriptor. 


a 


CtY¥-charni) and ClY-charn2) may be overtapping strings; no 
check is madee This feature is useful for replication of 
substrings within a larger string, but care must be 
exercised in fhe construction of tne Operand Descriptors 
so that sending string (ClY¥-cnarngi)) data is not 
inadvertfentiy destroyed. 


Tne user of string replication or overlaying is warnea 
that the Decimal Unit addresses fre main store in 
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unaligned {not on 0 modulo 8 boundary) units of Y-block8 
words and that tne overtayed string (C(Y¥-charn2}) is not 
returned to main store until the unit of Y-biock8 words is 
fitted or the instruction completes. 


If ¥ = 421 and the “fruncation indicator is set ON by 
execution of the instruction, then a Truncation (Over flow) 
Fault occurse 


Attempted execution with XED causes an [tlegal Procedure 
Faul fe 


Attempted repetition with RPT. RPO, or RPL causes an 
Illegal Procedure Fault. 
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“EIS _=- Numeric Comparea 
CMPN Compare Numeric 303 (1) 
FORMATS 
it] 1121 ii 22222 222 3 3 
ecmewan 9.1 lS 
3 t 3 1 
1090000900090 0 O8 MF2 ’ 303 (1) +P MFL i 
| Cae See ee EN mene pera: k ire tad See aR ti Ee che eM, 
i ii Ti $ % | 10 t i 7! 
3 Y-chargt ! CNi ta: Si SFL i Ni I 
Be aR Nee Le eA 
H 3 3 3 3 3 i 
3 Y-charg2 2 CN2 tb? S2t SF2 3 N2 3 
a a a Se et eee nS | 
18 3 i 2 ; 6 6 


Figure 2-20 Compare Numeric (CMPN) EIS Mulfi-Word Inst*uction Format 


one MF 1 Modification Field for Operand Descriptor 1 

MF2 Modification Fietd for Operand Descriptor 2 

I Program Interrupt inhibit bit 

Y~-charni Address of “feft-hand™ number 

CN1i First character position of “left-hand” number 
a TNA Data type of “left-hand” number 

$i Sign and decimal type of “lef t-hand™ number 

SFi Scating factor of “fteft-hand™ number 

N1 Length of “left-=hang™ number 

Y-charn2 Address of “right-hand™ number 

CNn2 First character position of “right=hand™ number 
b TN2 Data type of “right-hand” number 

$2 Sign and decimal type of “right-hand™ number 

. 
SF2 Scaiing factor of “right-hand” number 
N2 Length of “right-hand” string 
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ALM Coding Formats: 


cmon (MF1),(0MF2) 
descpnl fi,iss»snssts) Yr-charnil (CNL) ] sNisSFi nh = 4 or 9 
descolt{tisissnssts) Y-cnarn2( (CN2) J 9N2,SF2 n= 4% org 
SUMMARY 3 C(Y-chargpl) %3 ClY¥-charn2) as numeric values 
MODIFICATIONS? None excot AU, QU, Als Qls or Xn for MF1 and MF2 
INDICATORS? (Indicators not listed are not affected) 
zero If ClY¥echarni) = ClY¥-charn2), then ON$ otnerwise OFF 
Negative If ClY-charni) > ClY¥-charn2), then ON$ otnerwise OFF 
Carry If §C€Y-chargi)d ! > iC (Y¥-charg2)!, then OFF, otherwise ON 
NOTES3 Comparison is made on 4&-bit numeric values contained in 
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each character of C{lY-charnk). If either given data type 
is 99-bit (CTNK = 0),s characters from C(Y-char9k) are 
nigh-order truncated to & bits before comparison. 


Sign characters are located according to information in 
CNKs Ske and Nk and interpreted as 44-bit fields; 93-bit 
sign characters are high-order truncated before 
interpretation. The sign character 15 (octal) is 
interpreted as a minus signs at} other tegal sign 
characters are interpreted as plus signSe 


Tne position of the decimat point in ClY-charok) is 
determined from information in CNk», Ske SFks and Nk. 


Comparision begins at the decimal position corrsponding to 
the first digit of the operand with the tlarger number of 
integer digits and ends with the last digit of the operand 
with the larger number of fraction digitse 


Four-bit numeric zeros are used to represent digits to the 
left of the first given digit of tne operand with the 
smaiter number of integer digifs.e 


Four-bit numeric zeros are used to represent digits to the 
right of the tast given digit of the operand with the 
smaiter number of fraction digitse 


Instruction execution proceeds until an inequality is 
found or the targer string length count is exhausted. 


If MFkKeRL = -1, then Nk does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand lengthe 


If MFkKeID = 15 then the kth word following the Instruction 


Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to tne Operand Descriptor. 
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Detection of a character outside the range (0,11) (octaf) 
in a digit position or a character outside the range 
112,17] octal) in a sign position causes an  Iitlegal 
Procedure Fault. 


Attempted execution with XED causes an I!ltegat Procedure 
Fault. 


Attempted repetition with RPT, RPD, or RPL causes an 
It!egal Procedure Fault. 
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MVN Move Numeric 300 ¢1) 
FORMAT3 
060 an i a 11 22222 2223 3 
aS ee o 
3 $3 ; H 24 : 
1P30 0009090 0 OIT8R! MF2 H 300 (1) 323 MFL i 
i ie onan S Maes ioe ee eee TREE: ehh eet Ae Ieee CRY eee oer eEET 
$1 1i' 73 3 3 $ 10 1 3 73 
3 Y-charni { CNi tas $13 SFi H NL } 
f Sean Derren er ae ee eT aN AEE f 
3 Hy it $ 1 i 
3 Y-charn2 1 CN2 ib?i? s2i SF2 3 N2 ! 
Be Se Pann SARETCeY MER: VIER er oe 
18 3 1 2 6 6 


Figure 2-21 Move Numeric (MVN) EIS Multi-Word Instruction Format 


key 

P kebit data sign character control 

T Truncation Fault enable bit 

“R Rounding flag 

MF1 Modification Field for Operand Descriptor 1 

NF2 Modification Field for Gperand Descriptor 2 

I Program Interrupt inhibit bit 

Y-chargl Address of sending number 

CN1 First character position of sending nunber 
a ni Data type of sending number 

$i Sign and decimal type of sending numbe* 

SFi Scaling factor of sending number 

N21 Length of sending number 

Y-charn2 Address of receiving number 

CN2 First character position of receiving number 
b TN2 Data type of receiving number 

$2 Sign and decimal type of receiving numoer 

SF2 Scaling factor of receiving number 

N2 Length of receiving string 
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ALM Coding Format 


myn (MF 1) .(MF2){,enable fault }l(eraund) 
aescn(fi,lsenssts) Y-chargil (CN1)),Ni,SFL n= 4 or 9 
descolfisgisenssts) Y-charyp2l (CN2)),N2,SF2 Nn = 4& or 9 
SUMMARY ClY¥-charpi) converted and/or rescaied -> C(Y¥-charg2) 
MODIFICATIONS? None except AU, QUs Als Qls or Xn for MF1 and MF2 
INDICATORS (Indicators not tisted are not affected) 
zero If CY-charn2) = decimal 0, then ON$ otherwise OFF 
Negative If a minus sign character is moved to ClY-charn2)»s, then 
ON$ otherwise OFF 
Truncation If tow-order digit truncation occurs without rounding, 
then ON$ otherwise OFF 
Overfion If fixed point integer overflow occurs, then ON$ otherwise 
unchangede (See NOTES) 
Exponent If exponent of floating point result exceeds #+127, then 
Overfilon ONs otherwise unchanged. 
- Exponent If exponent of floating point result is fess than -128, 


Under f low 


NOTES3 
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then ON; ofherwise unchanged. 


If data types are dissimitar (TNi # ™N2), each character 
is hnigh-order truncated or filled, as appropriate, as it 
is moved. Tne fili data used is “%00011"b for digit 
characters and “Q0010"%b for sign characterse 


If TN2 and S2 specify a 4=-bit signed number and S2 specify 
a 4&=-bit signed number and P = 1, then a ftegal plus sign 
character in C(Y-charni) is converted to 13 (octal) as it 
is movede 


If N2 is not large enough to hoid the integer part of 
CtY-charnl) as rescated by SF2s an overflow condition 
exists; the Overflow indicator is set ON and an Overfiown 
Fault occurse This impties that an unsigned fixed point 
receiving field has a minimum lengt»? of 1 character$ a 
signed fixed point field, 2 characters; and a ftioating 
point field, 3 characterse 


If N2 is not targe enough to hold alt the given digits of 


C(Y-charnl) as rescaied by SF2 and R = QO then a 
truncation condition exists$ data novement stops when 
ClY-charn2) is filled and the Truncation indicator is set 
ONe If R = d-s then the tast dizit moved is rounded 
accorcing to the absofute value of the remaining digits of 
C(Y-charpl) and the instruction completes normally. 


If MFRkKeRL = ly then Nk does not contain tne operand 


lengths instead, it contains a register code for a 
register holding tne operand JSength. 
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If MFkeID = 1, then the kth word following the Instruction 
Word does not contain an Operand Descriptor3; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 


C(Y-charnot) and ClY-charop2) may be overlapping strings$s no 
check is made. This feature is useful for replication of 
substrings within a larger strings but care must be 
exercised in the construction of the Operand Descriptors 
so that sending string (C(Y-charni)) data is not 
inadvertentty destroyed. Difficulties may be encountered 
pecause of scaliny factors and the specia! treatment of 
sign characters and floating point exponentse 


The user of string replication or overtaying is warned 
that the Decimal Unit aaodresses tre main store in 
unaligned {not on 0 modulo 8 boundary) units of Y-blocks 
words and that tne overlayed string (ClY-charn2)) is not 
returned to main store until the unit of Y-block8& words is 
filled or the instruction completes. 


If Y = t and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fault occurse 


Detection of a character outside the range (0,11) (octal) 
in a digit position or a character outside the range 
(12,17} (octal) in a sign position causes an Tifegal 
Procedure Fault. 


Attempted execution with XED causes an Illegal Procedure 
* Fauit. 


Attempted repetition with RPT, RPD, or RPL causes an 
Iilegal Procedure Fault. 
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MVNE 


pean es pena eet aS Tat 


ii a 


FORMAT? 


EIS - NUMERIC MOVE 


Move Numeric Edited 024 (1) 
001i 11 22222 222 3 
wa a 
3 3 $3 i 
70 03 MF2 H 024 (1) ir: MF tL : 
a a a a 
2 7i !% 3 101 ! 7i 
Yochargl $ CNi sat S$ii0 0000 203 Ni 
i I i ee 
H 31 2 63 i 
Y-char32 t CcN2 :0 009098 00 0 DG N2 { 
Sa ERNE Feeds Ase oe NOEL OMNES ELE Se aOR 
3 : +i | 91 1 
Y-charg3 2 CNL !TA3i030 09000 02 N3 : 
ce eh et et ee 
18 3 2i 6 6 


Figure 2-22 Move Numeric Edited (MVNE) EIS Multi-Word Instruction Format 


MF1 


Y-charnt 
cna. 

TNL 

Si 

Ni 
Y-char92 
CN2 

N2 
Y-charn3 


CN3 


TAS 


N3 


REVIEW DRAFT 


SUBJECT TO CHANGE 


October, 1975 


Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Modification Field for Gperand Descriptor 3 
Program Interrupt inhibit bit 

Address of sending string 

First character position of sending string 
Data type of sending string 

Sign and decimal type of sending string 
Length of sending string 

Address of MOP control! string 

First character position of MOP control string 
Length of MOP contro! string 

Address of receiving string 


First character position of receiving string 


Data type of receiving string 


Length of receiving string 
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EIS - NUMERIC MOVE 


ALM Coding Format: 


mune (MF 1) ,(MF2) CMF 3) 
descolft,isesns,ts) — Yeenarngil€ (CN1)3,N1 op = & or 9 
descg9a Y-cnar92{ (CN2) 1,N2 
descna Y-charg3l (CN3I]).N3 O = &s 6; or 9 
SUMMARY 3 C@Y-charpi) => ClY¥-chnarn3) under C(Y_cnar92) MOP control 
See “Micro Operations for Edit Instructions” later in this 
section tor details of editing under M3P control. 
MOOIFICATIONS? None .except AUs QU, ALs Qkhs or Xn for 4YF1, MF2, and MF3 
INDICATORS$ None affected 
NOTES’ If data types are dissimilar (TAL # TA3), each character 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 


of CY-charni) is high-order truncated or zero filled, as 
appropriate, as it is moved. No character conversion 
takes placee : 


If the data type of the receiving strixg is not 9-bit (TAZ 
*F 0), then Insertion Characters are high-order truncated 
as they are insertede 


The maximum string length is 63. The count fields Nis N2, 
and N3 are treated as modulo 64 numbers. 


The instruction completes normatty onty if N3 = minimum 
(N1L2N2,N3) 5 that is, if the receiving string is the first 
to exhausts; otherwise, an Illegal Procedure Fault occurs. 


If MFKeRL = t+ then Nk does not contain the operand 
fengths instead, it contains a register code for a 
register holding tne operand tength. 


If MFkKeID = 1s then the kth word following the Instruction 
Word does not contain an Operand Descriptor$ instead, it 
contains an Indirect Pointer to the Operand Descriptor. 


Ct{Y¥-charni) and ClY-charn3) may be overlapping strings}; no 
check iS madee This feature is useful for replication of 
substrings within a targer string, but care musf be 
exercised in the construction of the Iperand DOescriptors 
so that sending string (ClY-charnpi)) data is not 
inadvertently destroyade 


Tne user of string replication or overlaying is warned 
that The Dec ima) Unit addresses the main store in 


unaligned (not on 0 modulo 8 boundary) units of Y=-block8& 
words and that the overlayed string (C(Y~-charg3)) is not 
returned to main store until the unit of Y-block8 words is 
filled or the instruction comptetes. 


Attempted execution with XED causes an I[litegai Procedure 
Faulte 


Attempted repetition with RPT, RPO, or RPL causes an 
Tilegai Procedure Fault. 
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EIS - BIT STRING COMBINE 


WEIS - Bit"String Combined 


CSL 


Fi 


REV 
SUB 
Oct 


Combine Bit Strings Left 060 (1) 

FORMAT3 

090 0 0 0o0azai1 1112 22 222 3 
ae: Se ne me,» e~ Les Dee ee Ge: Sak: Vall | Meee 8, SEY Ate « LE, eer eRe ee 
1 3 t ar a | 3 1 23 i 
{Fito 060 O03 BOLR IT!03 MF2 3 060 (1) {Ii MFi 3 
[2 See eee a ee i a ee 
$1 & G11 73 3 } 10 1 7i 
3 Yr-biti $ ci Bi 3 Ni 
Bee Sk a a 
3 3 i t 3 
3 Y-bit2 1 C2 B2 1 N2 3 
Saar ee eer ee Ia ed ee 

18 2 & 12 


gure 2-23 Combine Bit Strings Left (CSL) EIS Multi-Word Instruction Format 


F Fill bit for string extension 

BOLR Boolean result control field 

Of ° Truncation Fault enable bit 

MF1L Modification Field for Operand Descriptor 1 
MF2 Modification Fieid for Operand Descriptor 2 
I Program Interrupt inhibit bit 

Y-biti Address of “sending™ string 

Ci First character position of “sending™ string 
Bi First bit position of “sending” string 

Ni Length of “sending” string 

Y-bit2 Address of “receiving™ string 

C2 First character position of “receiving” string 
B2 First bit position of “receiving™ string 

N2 Length of “receiving” string 


ALM Coding Formats: 


csl (MF 1), (MF2)[.enadiefault) (,b00lCoctalexpression) J({,fitti(9!1)) 


descpb Y-oitil(BITNO1) ],N4 
oescb Y-bit2{(BITNO2)1,N2 


IEW DRAFT 
JECT TO CHANGE 


ober, 1975 2-213 AL39 


‘ 


EIS ~- BIT STRING COMBINE 


SUMMARY 8 


MODIFICATIONS: 


INOICATORS3 


Zero 


Truncation 


NOTES 


REVIEW DRAFT 


SUBJECT TO CHANGE 


October, 


1975 


For i = bits ts 2e coos minimum (N1i,N2) 
m= ClY¥-bitidi-1 28 ClY-bit2).i-1 
C(BOLRIMm -> CCY-bi t2)i-1 

If Ni < N2_, fhen ‘or i = Nitls, Nit2,s woes N2 
m= CCF) 3: ClY-bit2di-1 


C(BOLRIm -> ClY-bi t2) i-1 
None except AUs QUsy Als Qhs or Xn for 4F1i and MF2 
(Indicators not listed are not affected) 


If C(Y¥-bit2) = O00-6.9, then ON$ otherwise OFF 


If Ni > N29 then ON$ otherwise OFF 


If Ni > N2, the tow order (NL-N2) bits of ClY-biti) are 
not processed and the fruncation indicator is set ON. 


The bit pattern in C(BOLR) defines the Boolean operation 
to be performed. Any of the sixteen possible Boolean 
operations may be usede Some common Boolean operations 
and their BOLR fields are shown below. a 


Qnperation C(BOLR)D 
MOVE 0011 
AND 0001 
OR 0111 
NAND 1118 
Exctusive OR 0210 
Ciear 0000 
Invert 1100 


If MF&eRL = 1,5 then Nk does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand tengthe 


If MFkeID = 1, then the kth word following the Instruction 
Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 


Cl¥-bitid and ClY-bit2) may be overlapping strings$ no 
check is made. This feature is useful for replication of 
substrings within a targer sfring, but care must be 
exercised in the construction of the IJperand Descriptors 
so that sending. sfring (CCY-biti)) data is not 
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CSR 


FORMATS 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS? 


zero 


Truncation 


NOTES? 


REVIEW ORSFT 
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EIS - BIT STRING COMBINE 


inadvertentiy destroyed. 

The user of string replication or ovartaying is wz«arned 
that tne Decimal Unit addresses the main store in 
unaligned (not on 0 modulo 8 boundary) units of Y-biock8 
words and that the overlayed string (C(Y¥-bit2)) is not 
returned to main store until the unit of Y-biock8& words is 
filled or the instruction completes. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then 3 T*uncation (Over flown) 
Fault occurse 


Attempted execution with XED causes an ITilegal Procedure 
Fault. 


Attempted repetition with RPT, RPD, or RPL causes an 
Tilegat Procedure Fault. 


Combine Bit Strings Right O61 (1) 
Same as Combine Strings Left (CSL) (See Figure 2-23). 


For i = bits ly 25 eees minimum (N1i,N2) 
m = ClY-bitLINi-i f2 CCY-bit2)N2-i 
CCBOLRIMm -> ClY-bi t2)N2-i 

If N1 < N29 fhen for i = Nitls Nit2s sees N2 
m = CCF) if CCY¥-bi t2)N2-i 


CCBOLRIm -> ClY-bi t2)N2-i 
None except AU,QU, AL, QL»y or Xn for M=1 and MF2 
(Indicators not fisted are not affected) 


If ClY-bit2) = ODeeeDs then ON$ otherwise OFF 


If N12 > N2, Then ONS otherwise OFF 


If Ni > N2, the high order (N1-N2) bits of ClY-bit1) are 
not processed and the Truncation indicator is set ONe 


Tne bit pattern in C(BOLR) defines tye Bootean operation 
to be performed. Any of the sixteen possible Boolean 
operations may be used. See NOTES urder Combine Strings 
Left (CSL) instruction for examples of BOLR. 


If MFkeRL = 1s then Nk does not contain the operand 
lengths instead, it contains a register code for a 
register hotding the operand tength. 
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EIS - BIT STRING COMBINE 


REVIEW DRAFT 
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If MFkeID = Ly then the kth word following the Instruction 
Word does not contain an Operand Descriptors instead, it 
contains an Indirect Pointer to the Operand Descriptor. 


ClY-biti) and ClY-bit2) may be overlapping strings$ no 
check is made. This feature is useful for replication of 
substrings within a larger string, but care -.musf be 
exercised in the construction of the 3Iperand Descriptors 
so that sending string (C(Y-bit1)) data is not 
inadvertently destroyed. 


The user of string replication or overlaying is warned 
that the Decimal Unit addresses the main store in 
unaligned (not on 0 modulo 8 boundary) units of Y-bliock8 
words and that the overlayed string (C(Y¥-bit2)) is not 
returned to main store until the unit of Ye-btock8 words is 
filied or the instruction completes. 


If fT = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Over fiow) 
Fault occurse 


Attempted execution with XED causes an Iilegal Procedure 
Fault. 


Attempted repetition with RPT, RPD,», or RPL causes an 
Itlegal Procedure Fault. 
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EIS - BIT STRING COMPARE 


“ELS - Bit"String Compared 


CMPB Compare Bit Strings 066 (1) 
FORMATS 
00 0011 1112 22 222 3 
pe | Te Een Nee Rete Sa OA! Sky CRT RN Ae - Lae” AL) eee CEL, AAR! Anh -ae SOR R nie Rammed Lh 
3 3 it 3 i 7 3 i 
$Fi10 00000 0 O8T303 MFe2 3 066 (1) il: MFL H 
fife! eee maeen Sa ae See See a peeaterraeeee Ned Wee Ree ee 
31° Bit 73 3 3 10 1 73 
3 Y-biti $ Cit BL 3 N1 
5 RR ne re eBen eee ne bees, CEE! aes Me ee Lae — eS: 
3 i | 3 i] 
2 Y-bit2 + C2) Be 3 N2 H 
fc ee el ee Cee EOS RC See eee eee eee San Ae ene RRC 
18 2 & 12 


Figure 2-2% Compare Bit Strings (CMPB) EIS Multi-Word Instruction Format 


F Fill bit tor string extension 

T Truncation Fault enable bit 

aMF1i Modification Field for Operand Descriptor i 
HF2 Modification Field for Operand Descriptor 2 

I Program tnterrupt inhibit bit 

Y-biti Address of “left hand™ string 

Ci First character position of “left nand” string 
Bi First bit position of “feft hand™ string 

N1 Length of “left hand” string 

Y-bit2 Address of “right nand™ string 

C2 First character position of “right hani* string 
B20 First bit position of “right hand” string 

N2 Length of “right hand* string 


ALM Coding Formats 


cmpb (MF1L),(MF2) Ce enablefault J(,fi111¢0031) ) 
descb Y-oitil (BITNOLI] NL 
descb Y-bit2( (BITNO2)),N2 

SUMMARY 8 For i = lg 2e eees minimum (N1,N2) 


REVIEW DRAFT 
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EIS - BIT STRING COMPARE 


MODIFICATIONSS 


INDICATORS: 


zero 


Carry 


NOTES? 


REVIEW DRAFT 
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ClY¥-bitihi-1 33 ClY-bit2)i-1L 

If NL < N2y then for i = Nitisg Ni#2— cees N2 
COFILL) 33 ClY¥-bit2)i-1 

If N2 < N2e fhen for 1 = N2t1lsg N2t2s5 woos NI 


ClY-biftidi-1 32 CCFILL) 
None except AU, QU, Aly Qly or Xn for 4F1 and MF2 
(Indicators not listed are not affected) 
If ClY-bitzL)i = ClY¥-bit2)i for all i, fhen ON; 
otherwise, OFF 
If CYobitidi < ClY-bit2)i for any i, then OFF 
otherwise ON 
Instruction execution proceeds until an inequality is 
found or tne targer string tength count is exhausted. 
If MFieRL = 1, then Nk does not contain the operand 
jengths instead, it contains a register code for a 
register holding the operand iengthne 
If MFkeID = 1, then the kth word follonming the Instruction 
Word does not contain an Operand Oesc*iptor$; instead, it 


contains an Indirect Pointer to the Operand Descriptor. 


Attempted execution with XED causes an [Illegal Procedure 
Fault. 


Attempted repetition with RPT, RPD, or RPL causes an 
Lilegal Procedure Fault. 
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EIS - BIT SFRING SET INDICATORS 


“EIS - Bit"String Set Indicatorsa 


SZTL 


FORMATS 


SUMMARY 


MODIFICATIONSS 


INDICATORS: | 


Zero 


Truncation 


NOTESS 


REVIEW DRAFT 
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Set Zero and Truncation Indicators 064 (1) 
with Bit Strings Leff . 


Same as Combine Strings Left {CSt) (Se2 Figure 2-23). 


For i = bits 1s 29 esos minimum (N1,N2) 
m = C(Y-biti)i-1 83 ClY-bit2)i-1 
If C(BOLR)m # 0, then terminate 

If Ni < N2, then for i = Nitls N1it2, coos N2 
m= CCF) 82 ClY-bit2)i-1 


Lf C(BOLR) m # 0, then terminate 
None except AU, QU, ALs Qis or Xn for 4F1 and MF2 
(Indicators not listed are not affected) 


If CC(CBOLR)m = 0 for al} i» then GN$ otherwise OFF 


If Ni > N2, then ON$ otherwise OFF 


If Ni > N2, the low order {(Ni-N2) bits of ClY-biti)} are 
not processed and the Truncation indicator is set ON. 


Tne execution of this instruction is identical to Combine 
Strings Left (CSL) except that C(BOLRIn is not placed into 
ClY-bitZ)i-1. 


The bit pattern in C(BOLR) defines the Boolean operation 
to be performed. Any of the sixteen possible Boolean 
operations may be usede See NOTES und2r Combine Strings 
Left (CSL) instruction for examples of BOLR. 


If MFigeRL = de then Nk does not contain the. operand 
length; instead, it contains a register code for a 
register holding the operand tengthe 

If MFkeID = 1,5 then the kth word following the Instruction 
Word does not contain an Operand Descviptor; instead, if 
contains an Indirect Pointer to the Operand Descriptor. 


If T = 41 and the Truncation indicator is set ON by 


execution of the instruction, then a Truncation (Over fiow) 
Fauit occurse 


Attempted execution with XED causes an I! legal Procedure 
Faulte 


Attempted repetition with RPT, RPDe or RPL causes an 
Iitegal Procedure Fault. 
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EIS - BIT STRING SET INDICATORS 


S$ZTR 


FORMAT 3 


SUMMARY 8 


MODIFICATIONS? 


INDICATORS? 


Zero 


Truncation 


* 


NOTES3 
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Set Zero and Truncation Indicators 065 (1) 
with Sit Strings Right 


Same as Combine Strings Left (CSL) (See Figure 2-23). 


For i = bits 1s 29 eees minimum (NisN2) 
m = ClY¥-bitL)N1i-i 2&9 ClY-bdit2)N2-i 
If C(BOLRIm # 0, then terminate 

If Ni’ < N2_, then for i = Nitis Nit2s seeey N2 
m = CCF) $3 CY-bit2)N2-i 


If CCBOLRIm #4 Oy then terminate 
None except AU, QU, AL» Qh, or Xn for MF1 and MF2 
(Indicators not listed are not affected) 


If C(BOLR)m = 0 for all i, then ON$ otherwise OFF 


If Ni > N2,_, then ON$ otherwise OFF 


It Ni > N2- the tow order (Ni=-N2) bits of ClY-biti) are 
not processed and the Truncation indicator is set ON. 


Tne execution of fhis instruction is identical to Combine 
Strings Right (CSR) except that C(BOL2Z)m is not placed 
into ClY-bit2)N2-ie 


The bit pattern in C(BOLR) defines tre Boolean operation 
to be performed. Any of the sixteen possibjJe SB300lean 
operations may be used. See NOTES under Combine Strings 
Left (CSL) instruction for examples of BOLR. 


If MFkeRL = 1, then Nk does not contain the operand 
length$ instead, it contains a register code for a 
register holding the operand length. 


If MFKeID = 1, then the kth word folloning the Instruction 
Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Op2rand Descriptore 


If T = 2 and fthe Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overf low) 


° e 


Fault occurs. 


Attempted execution with XED causes an I[lfiegal Procedure 
Faulte 


Attempted repetition with RPT, RPD, or RPL causes an 
Iliegat Procedure Fault. 
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“EIS - Data Conversiona 


BTD Binary to Decimal Convert 2041 (1) 
FORMAT 

‘00 1 11 22222 222 3 3 

"2 laa ERE a eee SO er eee err ee 

2P30 000000 0 0 J, MF2 302 (1) or MFi 

a i rE 

ii 410 71 3 8 10 1 3 

3 Ye-char3i $ CN1 100000900 0 Of Ni 

p eee ee eae RL ee ee eRe OR! eRe, MRM NN Me See ATR MA RENE f 

i : a | } 3 3 

1 Y-charn2 § CN2 ita? S$2!0 0000 QO N2 a 

a eo a es 
18 31 2 6 6 


Figure 2-25 Binary to Decimal Convert (8TD) EIS Mutti-Word Instruction Format 


key ; 
Pp 4&-bit data sign character contro! 
Fi Modification Field for Operand Descriptor 1 
MF 2 Modification Field for Operand Descriptor 2 
I Program Interrupt inhibit bit 
Y-char9i Address of binary number 
CNL First character position of binary numper 
Ni Length of binary number in characters 
Y-charn2 Address of decimal number 
CN2 . First character position of decimal hee 
a TNe2 Data type of decimal number 
$2 Sign and decimal type of decimal numbe~ 
N2 Length of decimal number 


ALM Coding Formats: 


btd ' {MF Ld, (MF2) 
descans Yechar91il (CNL) INL 
descplisenssts? Yecharg2{ (CN2) ) eN2 n= 4or9 


SUMMARY3 C(Y-char391) converted to decimal -> ClY¥-charp2) 
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EIS - DATA CONVERSION 


MOOIFICATIONS? 


INOICATORS: 


Zero 


Negative 


Overflow 


NOTES3 
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None except AU, QU, Als Ql, or Xn for 4F1 ad MF2 


(Indicators not !tisted are not affected) 


If C€Y-charn2) = decimal 0, then ON? ofherwise OFF 


If a minus sign character is moved to C(Y-charn2), then 
ON$ otherwise OFF 


If fixed point integer overflow occurs, then ON; otherwise 
uncnanged (See NOTES) 


ClY¥-char9l) contains a twots complement binary integer 
aligned on 9-bit character bounsaries with length 0 < N1 
<= Be 


If TN2 and S2 specify a &-bit signed number and P = tis 
then if ClY-char91) is positive (bit 0 of ClYy-char91)0 = 
0), then the 13 f(octat) plus sign character is moved to 
C(Y-charg2) as appropriate. 


The scating factor of ClY¥-charn2)>+ SF2s must be QO. 


If N2 is not targe enough to hoid the digits of 
C(Y-char391) an overflow condition exists; tne Overflow 
indicator is set ON and an Overflow Fault occurs. This 
impiies that an unsigned fixed point receiving fieid has a 
minimum length of 1 character and a signed fixed point 
field, 2 characters. 


If MFkeRL = 1, then Nk does not contain the operand 
jength$; instead, it contains a rejgister code for a 
register hoiding the operand length. 


If MFk-ID = 1, then the kth word following the Instruction 
Word does not contain an Operand Descriptors; instead, if 
contains an Indirect Pointer to fhe Operand Descriptor. 


C(Y-char93l) and CtY-charno2) may be overlapping strings; no 
check is made. 


Attempted conversion to a floating point number (S2 = 0) 
or attempted use of a scaling factor (SF2 # 0) causes an 
Ii fegal Procedure Fauit. 

If Ni = 0 or Ni > 8 an [! legal Procedure Fault occurs. 


Attempted execution with XED causes an Itlegal Procedure 
Fault. 


Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Faulte 
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EIS = DATA CONVERSION 


oT8 Decimal to Binary Convert 305 (1) 
FORMAT? 
] 11 11 22222 222 3 3 
oe SS eS 
i i 1? H 
10 00000000 0 03 MF2 H 305 (1) 113 MFL H 
jf EE cee a a a ae ee re a 
H ii 73 a | H 10 i 2 : 73 
| Y-charnpi ? CN1i tai S$i!0 0000 03 Ni + 
ea pee eS oS Ee ERAT NT! aOR ES eS LOIRE ERR ETELE Ce: ee Re ESL (a) 
} 3 31 2 ' 63 t 
3 Y-charg92 ' CN2 100000 000 G3 N2 H 
[ ee arenes BERS SRN ee POTENT NEE ERR Cree eS 
8 3 3 6 


Figure 2-26 Decimal to Binary Convert (DTB8) EIS Multi-Word Instruction Format 


sas MFL Modification Field for Operand pesceiater i 
MF2 Modification Field for Operand Descriptor 2 
I Program Interrupt inhibit bit 
*Y-charn1 Address of decimal number 
CNi First character position of decimal nunber 

a Ni Data type of decimal number 

Si Sign and decimal type of decimai number 
Ni Length of decimal number 
Y-charn2 Address of binary number 
CN2 First character position of binary numsoer 
N2 Length of binary number in characters 


ALM Coding Format: 


dtb (MF1),(MF2) 
descnolisenssts) Y-cnarpil (CN1)J,N1 d= 4 or 9 
desc9ns Y-cnar92[ (CN2)),N2 

SUMMARY 8 ClY-charnt) converted to binary -> CCY-charg92) 


MODIFICATIONS None except AUs QUsy Als» Qlhs or Xn for MFI ad MF2 


INDICATORS? (Indicators not tisted are not affected) 
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EIS - OATA CONVERSION 


Zero If Cl¥=-char92) = 3, then ON: otherwise OFF 


Negative If a minus sign character is found in C(Y-charnt), then 
ON; otherwise OFF 


Overflow If fixed point integer overftion occurs, ftnen ONS otherwise 
unchanged (See NOTES) 


NOTES CCY-char92) will contain a two*s complement binary integer 
aligned on 9Q9-bit character boundaries with length 0 < N2 
<= 8. 


The scaling factor of ClY-charni)s SFis must be D0. 


If N2 is not large enough to hold the converted value of 
ClY-charni) an overflow condition exists; the Overflon 
indicator is set ON and an Overflow Fault occurse 


If MFkeRL = 1, then Nk does not contain the operand 
lengths; instead, it contains a register code for a 
register holding the operand length. 


If MFke-ID = 1, then the kth word following the Instruction 
Word does not contain an Operand Descriptor3 instead, if 
contains an [Indirect Pointer to the Operand Descriptor. 


C(Y-charnpi) and C(Y-char92) may be overlapping strings; no 
' check is madee 


Attempted conversion of a floating point number (Si = 90) 
or attempted use of a scaling factor (SFi # 0) causes an 
Iltegal Procedure Faultf. 


If N2 = 0 or N2 > 8 an Illegal Procedure Fault occurse 


Atfempted execution with XED causes an LTilegal Procedure 
Faultfe 


Attempted repetition with RPT, RPD,» or RPL causes an 
Illegal Procedure Fault. 
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“EIS - Decimal Additiona 
AD2D Add Using 2 Decimal Operands 202 (1) 
FORMATS 
0.0 0oouf2 i1 22222 222 3 3 
a ee 8 0 a 8 
3 a re | 3 i | 3 
1P30 0000 0 0 O1TIR? MF2 + 202 (1) 113 MF1i 1 
| Ae ae eae Ce Set ee! Lane ence mee eS ty Lee eee een eeeenee: i 
a1 11 7? an | : 10 it 3 73 
t Y-chargt $ CNi tat Si? SFi H Ni 
De Set ae eI RES CTR DU ened: Recreate Smee ace me een! 
| | a i i | 
3 Y-charn2 1 CN2 ib? S2t SF2 3 N2 q 
5 a eee eee archer ea Oe Del LAO TOR AE Ee! See ON: LN (e COMME LONE Meee i 


18 31 & 6 6 


Figure 2-27 Add Using 2 Decimal Operands (AD2D) EIS Multi-Word 
Instruction Format 


key 
P &-bit data sign character control 
“T . Truncation Fault enable bit 
R Rounding flag 
MF1i Modification Field for Operand Descriptor i 
MF2 Modification Field for Operand Descriptor 2 
p Program Interrupt inhibit bit 
Y-charnl Address of augend (AD2D), ®Minuend (35820), multiplicand 
(MP2D),. or divisor (D0V2D) 
CN1i First character position of augend (AD2D), minuend (SB2D), 
multipicand (MP2D), or divisor (OV2D) 
a Ni Data type of augend (AD20D), minuend (SB20), multiplicand 
. (MP2D)_, or divisor (DV20) 
$1 Sign and decimal type of augend (A020), minuend (SB20)>5 
multiplicand (MP2D), or divisor (DV2D) 
SF1 Scaling factor of augend C(AD2D), minuend {SB2D), 
multipflicand (MP2D), or divisor (O0V2D) 
Ni Length of augend (AD2D), minuend ($B2D), multiplicand 
(MP2D), or divisor (OVv20) 
Y-charpe — Address of addend and sum (AD2D), subtrahend and 


difference (S820), multiptier and product (MP2D), or 
dividend and quotient (DV2D) 
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CN2 


b TN2 


$2 


SF2 


N2 


ALM Coding Format 


ad2d 
descpol fists, 
descolfletiss 


es 


SUMMARY 3 


MODIFICATIONS: 


INDICATORS? 


Zero 
Negative 


Truncation 
Overfiow 
Exponent 


Overfiow 


Exponent 


Under f low 


NOTES 


REVIEW ORAFT 
SUBJECT TO CHANGE 
October, 1975 


First character position of addend and sum (AD2D), 
subtrahend and difference (S82D), multiplier and product 
{MP2D), or dividend and quotient (DV2D) 


Data type of addend and sum (A020), subtranhend and 
difference (SB2D), Multiptier and oroduct (MP20), or 
dividend and quotient (DV2D) 
Sign and decimal type of addend and sun (AD2D), subfranend 
and difference (S320), multiplier and product (MP2D), or 
Gividend and quotient (DV2D) 
Scaling factor of addend and sum (AD2)), subtrahend and 
difference (SB20), multiplier and product (MP20), or 
dividend and quotient (DV2D) 
Length of addend and sum (AD20),—, Subtrahend and difference 
(S820), mulfiptiier and product (MP2D), or dividend and 
quotient (0V2D) 
3 

(MF 1), (MF2)[,enablie fault] £,round) 


ns,ts) “¥-chargil(CNi) JeNi,gSFi n= 4or9 
NSyts) Y-charnel (CN2)),N2,SF2 n=4% org 


CtY-chargl) + C(Y¥-charnp2) ~> ClY¥-charg2) 
None except AU, QU»y Als Qlhy or Xn for 4Fi and MF2 
(Indicators not listed are not affected) 


If CCY-charn2) = decimal O, then ON$ otherwise OFF 
If C(Yecharn2) is negative, then ON$ otherwise OFF 


If the truncation condition exists witnout rounding, then 
ON$ otherwise OFF (See NOTES) 


If the overflow condition exists, then ON$ otherwise 
unchanged (See NOTES) 


If exponent of floating point result exceeds 127 then 
ON$ otherwise unchanged. 


If exponent of floating point result is tess than -128 


then ON; otherwise unchanged 


If TN2 and S2 specify a 4&=-bit Signed number and P = iy 
then the 13 (octal) plus sign crxaracter is placed 
appropriately if the result of the operation is positive. 


If N2 is not targe enough to hold the integer part of the 


result as scaled by SF2,; an overflow condition exists $ 
tne Overflow indicator is set ON and an Overflow Fault 
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occurse This impties that an unsigned’ fixed point 
receiving field thas a minimum lengt. of i character$ a 
Signed fixed noint fields 2 characters; and a ftoating 


‘point field, 3 characters. 


If N2 is not targe enough to hold alt the digits of the 


result as scaled by SF2 and R = Of, then a truncation 
condition exists; data movement stops when ClY-charn2) is 
filled and the Truncation indicator is set ONe If R= Iy 


then tne Jast digit moved is rounded according to the 
apsotlute vatsue of tne remaining digits of the result and 
the instruction completes normaliy. 


If MF&.RL = 1, then Nk does not contain the operand 
feng?thn$ instead, it contains a register code for a 
register hotding the operand iengthe 


If MFRKeID = 1, then the kth word tottowing the Instruction 
Word does not contain an Operand Descriptor$3 instead, if 
contains an Indirect Pointer to the Op2rand Descriptore 


C(Y-charni) and ClY¥-charg2) may be ovetiapping strings$; no 
check iS madee 


If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Over flow) 
Fault occurse 


Detection of a cnaracter outside the range (0911) (octal) 
in a digit position or a character outside the range 
[12,17] foctal) in a sign position causes an [1 legal 
Procedure Fault. ; 


Attempted execution with XED causes an Iltegat Procedure 
Faulte 


Attempted repetition witn RPT, RPD, or RPL causes an 
Titegal Procedure Fault. 
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A030 Add Using 3 Decimal Operands 222 (1) 
FORMAT? 
000 0O0Ouf1 11 22222 2223 3 
Oy NSE RESORT Sek Se aac tactile eneaai Wa aR spe Se SY 
' 3 13 H + i 
IP3103 MF3 ITiR?: MF2 3 222 (1) ir} MF 1 i 
Be a a a eS ee 
ti 1 ii 73 io 3 10 1 3 73 
i Y-charpl 3 CNi sa? Sit SFL i Ni 
| eee i ah ac ee a ee re ee 
H { 13 3 { H 
H  Yecharn2 $2 CN2 tb? S23 SF2 3 N2 ! 
a A CEI LS SRS LAE EY Lene n ye Teneo evaeeS (f 
3 HY i o3 | 3 } 
4 Y-chargy3 $ CN3 ici S3! SF3 ] N3 3 
Fae ee eae me a Petes A! Ce Gene Emme EE, SE 
18 3 i 2 6 6 
Figure 2-28 Add Using 3 Decimal Operands (AD3D) EIS Mul ti-tord 
Instruction Format 
Key 
Pp 4Ge-bit data sign character control 
«Tf Truncation Fault enable bit 
R Rounding flag 
MFi Modification Field for Operand Descriptor 1 
MF2 Modification Field for Operand Descriptor 2 
MFS Modification Field for Operand Descriptor 3 
I Program Interrupt inhibit bit 
Y-charni Address of augend (AD3D), minuend (5830), multiplicand 
(MP3O), or divisor (DV3D) 
CN1 First character position of augend (AD3D), minuend (S83D), 
multiplicand (MP30), or divisor (DV3D) 
a TN1 Data type of augend (AD3D), minuvend (SB3D), multinpticand 
(MP3D), or divisor (DV3D) 
$1 Sign and decimal type of augend (A030), minuend (S83D)>, 
mulfiplicand (MP3D), or divisor (DV3D) 
SFi Scaling factor of augend (AD3D), minuend (SB3D). 
multipticand (MP3D), or divisor (0V3D) 
Ni Length of augend (AD30), minuend (35B30), multiplicand 
(MP3D),. or divisor (0V30) 
Y-charn2 
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Address of addend (AD30)+, subtrahend (S830), multiplier 
(MP3D), or dividend (DV3D) . 
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CN2 


b TN2 


$2 


SF2 


N2 


Y-charp3 


CN3 


a IN3 


$3 


SF3 


“N3 
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First character position of addend ¢tAD30), subfrahend 
(SB3D), multiplier (MP3D), or dividend (0V30) 


Data type of addend (AD3D), suptrahend (S830), multiplier 
(MP30), or dividend (0V30) 


Sign and decimal type of addend (A03D), subtranhend (S820), 
multiptier (MP3D),. or dividend (DV3D) 


Scaling factor of addend (AD3D), subtrahend (SB3D), 
multiplier (MP3D), or dividend (DV3D) 


Length of addend (AD3D), subtrahend (S830), multiplier 
(MP3D),5 or dividend (DV3D) 


Address of sum (AD30), difference (S83)9)s product (MP 30), 
or quotient (D0V30) 


First character position of sum (AD3D), difference (SB3D);, 
product (MP3D), or quotient (DV3D0) 


Data type of sum (AD3D), differenze (SB3D), product 
(MP30), or quotient (DV30) 


Sign and decimal type of sum (AD3D), difference (S830), 
product (MP3D), or quotient (DV3D) 


Scaling factor of sum (AD3D), difference (SB3D). product 
(MP3D),5 or quotient (0V30) 


Length of sum (A030), difference {(SB3D), product (MP3D), 
or quotient (O0V30) 


ALM Coding Formats 


ad3a (MF 1) (MF2) 9(MF3)£, enable faul t }£,round)} 

descnl(fil,is,ns,ts] Ye-charnil (CNi) ),N1,SFi o=4 or 9 

descen(flsissns,ts} Yecnarp2t (CN2) ]_,N2,SF2 n= 4& or 9 

descolfi,issns,ts] Y-charg3l[ (CN3) 1_9N3,SF3 h=4org9 
SUMMARY 3 C(Ye-chargli) + C(Y-charg2) -> ClY-charg3) 
MODIFICATIONSS® None excepf AU, QU, Als Qhs or Xn for MFi and MF2 
INDICATORS? (Indicators not ltisted are not aftected) 

Zero If CitY¥-chnarp3) = decimal 0, then ON$ otherwise OFF 

® 
Negative If ClY-charp3) is negative, then ON} otherwise OFF 


Truncation 


Overflow 


Exponent 
Overfiow 
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If the truncation condition exists witryout rounding, then 
ON$S otherwise OFF (See NOTES) 


If the overflow condition exists, then ON$ ofhernise 
unchanged (See NOTES) 


If exponent of floating point result exceeds 127 then 
ON; otherwise unchangede 
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Exponent 
Under f low 


NOTES: 
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If exponent of fioating point result is tess than -128 
then ON$ otherwise unchanged 


If ™N3 and S3 specify a 4&-bit Signed namber and P = ti, 
then the 13 {foctal) plus Sign character is placed 
appropriately if tne resuit of the operation is positive. 


If S3 specifies fixed point and N3 is not ltarge enough fo 
hold the integer part of the result as scaled by SF3, an 
overflow condition exists; tne Overfftow indicator is set 
ON and an Overflow Fault occurse This implies that an 
unsigned fixed point receiving field has a minimum tength 
of i characters; a signed fixed point field, 2 characters} 
and a floating point field, 3 characte"s.e 


If N3 is not large enough to hold all the digits of the 
result as scafted by SF3 and R = Oy then a truncation 
condition exists; data movement stops when ClY-charng3) is 
filled and the Truncation indicator is set ON. If R = ly 
then the tast digit moved is rounded according to the 
absolute ‘value of the remaining digits of the result and 
the instruction completes normattiy. 


If MFkKeRL = 1, then Nk does not contain the operand 
length; instead, it contains a register code for a 
register hoiding the operand lengthe 


If MFkeID = i, then the kth word follosing the Instruction 
Word does not contain an QOperand Descriptor; instead, if 
contains an Indirect Pointer to the Operand Descriptor. 


CtY-chargol), C(Y-chargp2) >» and C(Y-charg3) may be 
overlapping strings$ no check is made. 


If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fault occurse ; 


Detection of a character outside the sange (0,11) (octal) 
in a digit position or a character outside the range 
{12.17} Coctat) in a sign positior causes an I] fegal 
Procedure Fault. 


Attempted execution with XED causes an Illegal Procedure 
Faulte 


Attempted repetition with RPT, RPD, or RPL causes an 
Ittegal Procedure Faulife 
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| “ELS _- Oecimal Subtractiona 


$820 


FORMATS 


SUMMARY 3 


MODIFICATIONS: 


INDICATORS? 


Zero 
Negative 


Truncation 


Overftow 


Exponent 
. Overflow 


Exponent 
Under flion 


NOTES3 
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Subtract Using 2 Decimal Operands 203 (1) 


Same as Add Using 2 Decimal Operands (AD2D) 
(See Figure 2-27). 


ClY-charpl) - Cl¥-charn2) <-> ClY-chargp2) 
None except AUs QUy Als Qle or Xn for MF1 and MF2 
(Indicators not listed are not affected) 


If C(Y-charn2) = decimal 0, then ON$ otherwise OFF 
If ClY-charn2) is negative, then ON; otherwise OFF 


If the truncation condition exists witnout rounding, then 
ON$ otherwise OFF (See NOTES) 


If the overflon condition exists, then ON$ otherwise 
unchanged (See NOTES) 


If exponent of fioating point result exceeds 127 then 
ON$ otherwise unchanged: 


If exponent of floating point result is tess than -128 
then ON$ otherwise unchanged 


If TN2 and S2 specify a 4&-bit signed number and P = ily 
then the 13 (loctali) plus sign craracter is placed 
appropriately if the result of the operation is positive. 


If N2 is not large enough to hold the integer part of the 
result as scaled by SF2,_, an overfiow condition exists$ 
the Overflow indicator is set ON and an Overflow Fault 
occurSe Tnis implies that an unsigned fixed point 
receiving field thas a minimum ltengt. of i characters} a 
Signed fixed point field, 2 characters$ and a_ floating 
point field, 3 characters. 


If N2 is not targe enough to hold all the digits of fhe 


result as scaled by SF2 and R = Q, then ae truncation 
condition exists}; data movement stops when C(Y-charg2) is 
fitied and the Truncation indicator is set ONe If R= ly 


then the last digit moved is rounded according to the 


absolute vatue of the remaining digits of the result and 
the instruction completes normally. 


If WMFKeRL = tit, then Nk does not contain the operand 
length; instead, if contains a register code for a 
register holding the operand tengthe : 


If MFkeID = i, then the kth word following the Instruction 


Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer fo the Oparand Descriptor. 
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SUMMARY: 


“MODIFICATIONSS 


INDICATORS: 


Zero 
Negative 


Truncation 


Overfiow 


Exponent 
Over flow 


Exponent 
Under f tow 


NOTES3 
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C(Y-charni) and C(Y-cnarn2) may be oveslapping strings; no 
check is made. 


If T = £ and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fault occurse 

Detection of a character outside the stange [0,11) (octal) 
in a digit position or a character outside the range 
112,173 (octal) in a sign position causes an TI legal! 
Procedure Fault. 


Attempted execution with XED causes an Iltegal Procedure 
Faulte 


Attempted repetition with RPT, RPD, or RPL causes an 
Iltega!l Procedure Fault. 


Subtract Using 3 Decimal Operands 223 (1) 


Sahe aS Add Using 3 Decimal Operands (4D3D) 
(See Figure 2-28). 


C(Y-charol) - ClY¥-charn2) -> C(Y-charng3) 
None except AUs QU, Als Qls or Xn for MF1 and MF2 
(Indicators not fisted are not affected) 


If ClY-chnarn3) = decimal 0.5 then ON$ ofherwise OFF 
If CtY+charn3) is negative, then ON; otherwise OFF 


If the truncation concition exists witnout roundings then 


ON$ otherwise OFF (See NOTES) 


If the overflon condition exists, then ON$ otherwise 
unchanged (See NOTES) 


If exponent of floating point result exceeds 127 then 
ON$ otherwise unchanged. 


If exponent of floating point resuit is jess than 2-128 


-then ON$ otherwise unchanged 


If TN3 and S3 specify a &-bit signed number and P = iy 
then the 13 Coctat) plus sign character is placed 
appropriatety if the result of the operation is positive. 


If S3 specifies fixed point and N3 is not targe enough to 
noltd the integer part of the result as scaled by SF3, an 
overflow condition exists; the Overflow indicator is set 
ON and an Overflow Fault occurs. This implies that an 
unsigned fixed point receiving ftield has a minimum tength 
of 1 character$ a signed fixed point field, 2 characters$ 
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and a floating point field, 3 characte*"se 


If N3 is not targe enough to hold all the digits of the 
result as scaled by SF3 and R= 0, then a truncation 
condition exists$ data movement stops swahen ClY¥-chargo3) is 
filled and the Truncation indicator is set ON. If R = ly 
then the last digit moved is rounded according to the 
absotute value of the remaining digits of the result and 
tne instruction completes normally. 


If MFkeRL = 1, then Nk does not contain the operand 
length; instead» it contains a rejzister code for a 
register holding tne operand tengthe 


If MFkKeID = 1, then the kth word foltoning the Instruction 
Word does not contain an Onperand Descriptor$ instead, it 
contains an Indirect Pointer to the Op2rand Descriptore 


C(Y-charnol) » Cl(Y¥-charn2), and C(Y¥-charn3) may be 
overlapping strings$ no check is made. 


If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Over fiow) 
Fault occurs. 


Detection of a character outside the ange (0,11) (octal) 
in a digit position or a character outside the range 
(12,17] (octal) in a sign position causes an Ii legal 
Procedure Fault. 


Attempted execution with XED causes an Illegal Procedure 
Faulte 


Attempted repetition with RPT, RPO, or RPL causes an 
Tlfegal Procedure Fault. 
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FORMATS 


SUMMARY 3 


MODIFICATIONS? 


INDICATORS: 


zero 
Negative 


Truncation 


Overfiow 


Exponent 
- Overflow 


Exponent 
Under fion 


NOTESSs 
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Multiply Using 2 Decimal Operands 206 (4) 


Same as Add Using 2 Decimal Operands (4D20) 
(See Figure 2-27). 


C¢Ye-chargl) x ClY-charn2) -> C(Y-charn2) 
None except AUs QU, Aly Ql, or Xn for 4F1 and MF2 
(Indicators not listed are not affected) 


If CéY-charn2) = decimal GO, then ON$ otherwise OFF 
If CY-charg2) is negative, then ON$ otherwise OFF 


If the truncation condition exists witnout rounding, then 
ON$ otherwise OFF (See NOTES) 


If the overfiow condition exists, then ON$ otherwise 
unchanged (See NOTES) 


If exponent of floating point result exceeds 127 then 
ON$ othernise unchanged. 


If exponent of floating point result is iess than -128 
then ON$ otherwise unchanged 


If TN2 and S2 specify a &-bit signed number and P = ti, 
then the 13 (octal) pilus sign cnaracter is placed 
appropriately if the result of tne operation is positive. 


If N2 is not targe enough to hold the integer part of the 
result as scaled by SF2, an overflow condition exists} 
the Overflow indicator is set ON ard an Overfiow Fault 
occurSe This implies that an unsigned fixed point 
receiving field has a minimum tengt.» of 1 characters; a 
Signed fixed point fields 2 characters; and ae fioating 
point field, 3 characters. 


If N2 is not ftarge enough to hold all the digits of the 


result as scaled by SF2 and R = Oy then ae truncation 
condition exists; data movement stops when C(Y-charg2) is 
filled and tne Truncation indicator is set ONe If R= ty 


then the last digit moved is rounded according fo the 


absolute vaiue of the remaining digits of the result and 
the instruction completes normally. 


If MFkeRL = Is then Nk does not contain the operand 
fengths instead, it contains a register code for a 
register holding the operand length. , 


If MFkKeID = 1, then the kth word following the Instruction 


Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Op2rand Descriptor. 
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MODIFICATIONS? 
INDICATORS? 


Zero 
Negative 


Truncation 
Overflow 


Exponent 
Overflow 


Exponent 
Under flor 


NOTESSs 
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ClY-charni) and ClY¥-charg2) may be oves!iapping strings: no 
check is made. 


If tT = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Over fion) 
Fault occurse 


Detection of a character outside the range [0,11] (octal) 
in a digit position or a character outside the range 
{12,171 (octal) in a sign positior causes an It legal 
Procedure Fault. 


Attempted execution with XEOD causes an [I3tegali Procedure 
Fault. 


Attempted repetition with RPT, RPD, or RPL causes an 
Iilegal Procedure Faulte 


Multiply Using 3 Decimal Operands 226 (1) 


Same as Add Using 3. Decimal Operands (A030) 
(See Figure 2-28). 


ClY¥-chargi) x ClY¥-charg2) <-> ClY¥-charg3) 
None except AU, QU, Als» Qh», or Xn for MFi and MF2 
{Indicators not tisted are not affected) 


If ClY-charn3) = decimal 0, then ON$ ofherwise OFF 
If CiLY-charnp3) is negative, then ON$ otherwise OFF 


If the truncation condition exists witrout rounding, then 
ON$ otherwise OFF (See NOTES) 


If the overflow condition exists, then ON; otherwise 
unchanged (See NOTES) 


If exponent of floating point result exceeds 127 then 
ON$ otherwise unchangede 


If exponent of floating point result is fess than <-128 
then ON; otherwise unchanged 


If T™N3 and $3 specify a 4&=—bit Signed number and P = 1, 
then the 13 {octali) ptus sign cnaracter is placed 
appropriately if the result of the operation is positive. 


If S3 specifies fixed point and N3 is not ltarge enougn to 
noli!d the integer part of the result as scaled by SF3, an 
overflow condition exists; the Overfiow indicator is set 
ON and an Overflow Fault occurs. This implies that = an 
unsigned fixed point receiving field xvas a minimum length 
of 1 character$ a signed fixed point field, 2 characterss 
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and a floating point fietd, 3 characters. 


If N3 is not targe enough to hold aif’ the digits of the 
result as scated by SF3 and R= Oy then a truncation 
condition exists; data movement stops ahen ClY¥-charg3) is 
fitted and tne Truncation indicator is set ON. If R= ily 
then the ftast digit moved is rounded according to the 
absolute vatue of the remaining digits of the result and 
the instruction compietes normally. 


If MFkeRL = 1, then Nk does not contain the operand 
lengths; instead, it contains a register code for a 
register holding tne operand lengthe 


If MFkeID = ty then the kth word foltowing the Instruction 
Word does not contain an Operand Descriptors; instead, it 
contains an Indirect Pointer to the Op@rand Descriptor. 


C(Y-charni), C(Y-charn2), and C(Y-charp3) may be 
overlapping strings}; no check is made. 


If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Over flow) 
Faulf occurse 


Detection of a character outside the range [0,111] loctads) 
in a digit position or a character outside the range 
[12,17} (octal) in a sign positior causes an I! Jegal 
Procedure Fault. 


Attempted execution with XED causes an I[ttlegal Procedure 
Fault te 


Attempted repetition with RPT, RPD, or RPL causes an 
Iitegal Procedure Fautte 
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“EIS - Uecimal Divisiona 
Ov2D Divide Using 2 Decimal Operands 227 (i) 
FORMATS Same as Add Using 2 Decimal Operands (A020) 


SUMMARY 3 
MODIFICATIONS? 
INDICATORS? 


Zero 
Negative 


Truncation 
Overfiow 


Exponent 
Overtiow 


Exponent 
Under fion 


NOTES . 
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(See Figure 2-27). 

C(Y-charg2) / ClY¥-chargi) -> ClY-charg2) 

None except AUsy QUs Aly Qls or Xn for MFi and MF2 
(Indicators not sisted are not affected) 


If ClY-charn2) = decimal 0, then ON$ otherwise OFF 
If ClY-charp2) is negatives, then ON$ otherwise OFF 


If the truncation condition exists witrout rounding, then 
ON; otherwise OFF (See NOTES) 


If the overfion concition exists, then ON$ otherwise 
unchanged (See NOTES) 


If exponent of floating point ressit exceeds 127 then 
ON$ otherwise unchanged. 


If exponent of floating point result is tess than -128 
Then ON$ otherwise unchanged 


This instruction performs continued tong division on the 
operands untii it has produced enough output digits fo 
satisfy the requirements of the quotient § fietd. The 
number of required quotient digitS»s NQ, is determined 
before division begins as follows ees 


1) Floating point quotient 
NQ = N2, but if the divisor is greater than the 
dividend after operand alignment, the teading zero 
digit produced is counted and the effective precision 
of the result is reduced by one. 


2) Fixed point quotient 


NQ = (N2-LZ241) - (N1I-LZ1) # (E2-E1-SF2) 


where? Nn = given operand field tength 
LZn = teading zero count for operand o 
En = exponent of operand 
SF2 = scaling factor of quotient 


3) Rounding 


If rounding is specified (R = 1), then one extra 
quotient digit is produced. 
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If C€Y¥-charni) = decimal 0 or NQ > 63, then division does 
not take place, ClY¥-charn2) are unchanged, and a ODivide 
Check Fault occurse ‘ 


If TN2 and S2 specify a &=bit signed number and P = 1, 
then the .13 {octal) plus sign cnaracter is placed 
appropriately if the result of the operation is positive. 


It N2 is not targe enough to hold the integer part of the. 
result as scafed by SF2~s an overftow condition exists; 
the Overflow indicator is set ON and an Overflow Fault 
occurSse This implies tnat an unsigned fixed point 
receiving fietd nas a minimum length of 1 character $ a 
Signed fixed point fields 2 characters}; and a floating 
point field, 3 characters. 


If N2 is not Jarge enough to hold all the digits of the 
result as scaied by SF2 and R = 05 then a truncation 
condition exists; data movement stops when ClY-charn2) is 
filied and the Truncation indicator is set ONe If R= ity 
then the last digit moved is rounded according to the 
absolute value of the extra quotient digit and the 
instruction completes normallye 


If MFkeRL = 1, then Nk does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand ftengthe 


If MFkK.ID = 1+ then the kth word folloaing the Instruction 
Word does not contain an Operand Descriptor3$ instead, it 
contains an Indirect Pointer to the Operand Descriptor. 


C(Ye-charni) and ClYy-charpn2) may be overlapping strings $5 no 
check is made. 


If T = 121 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fault occurse 

Detection of a character outside the range [0,111 (octal) 
in a digit position or a character outside the range 
[12,17] (octal) in a sign position causes an I! legal 
Procedure Faulte 


Attempted execution with XED causes an Ilfegali Procedure 
Fauite 


Attempted repetition with RPT, RPD,», or RPL causes an 
ITitegai Procedure Fault. 


Divide Using 3 Decimal Operands 227 (1) 


Same as Add Using 3 Decimal Operands (AD3D) ; 
(See Figure 2-28). 


C(Yecharn2) / ClY¥-chargi) -> CCY-charp3) 
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Truncation 
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Exponent 
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Exponent 
Underflon 


NOTES3 
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EIS - DECIMAL DIVISION 


None except AU, QU, AL» Qh» or XN for MF1 and MF2 
(Indicators not tisted are not affected) 


If C€Y-charn3) = decimal 0, then ION$ otherwise OFF 
If C€Y-charn3) is negatives then ON$ otherwise OFF 


If the truncation condition exists witnout rounding, then 
ON$S otherwise OFF (See NOTES) 


If the overflow condition exists, then ON$ ofherwise 
unchanged (See NOTES) 


It exponent of floating point result exceeds 127 then 
ON$ otherwise unchanged. 


If exponent of floating point result is iess than +128 
tnen ON$ ofherwise unchanged 


This instruction performs continued tong division on the 
operands until it has produced enough output digits to 
satisfy the requirements of the quotient field. The 
numper of required quotient digits, NQ, is determined 
before division begins as follows eee 


1) Floating point quotient 


NQ = N3, but if the divisor is greater than _ the 
Gividend after operand alignmert, the leading zero 
digit produced is counted and the effective precision 
of the result is reduced by ones 


2) Fixed point quotient 
NQ = (N2-LZ241) = (NI-LZ1) + (CE2-51-SF3) 


wheres Nn given operand fieid length 
leading zero count for operand 
exponent of operand on 


scaling factor of quotient 


ry 
p 
TT 


3) Rounding 


If rounding is specified (R = 1), then one extra 
quotient digit is produced. 


If CY¥-charni) = decimal 0 or NQ > 63, then division does 
not take place, C(Y-charn3) are unchanged, and a Divide 
Check Fault occurse 


If T™N3 and $3 specify a 4-bit signed number and P = i, 
then the 13 (octat) plus sign character is placed 
appropriately if the result of the operation is positive. 


If $3 specifies fixed point and N3 is 10¢f Sarge enough to 
hotd the integer part of the result as scaled by SF3, an 
overflow condition exists$ the Overflow indicator is set 
ON and an Overflow Fault occurs. This implies that an 
unsigned fixed point receiving fieid has a minimum tength 
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of 1 characters; a signed fixed point field, 2 characters; 
and a floating point field, 3 characte*s. 


If N3 is not targe enough to hotd all tne digits of the 
result as scaled by SF3 and R = OO, then ae truncation 
condition exists; data movement stops when C(Y-charn3) is 
filied and tne Truncation indicator is set ON. If R= Ily 
then the tast digit moved is rounded according to fhe 
absolute value of the extra quotient digit and the 
instruction completes normallye 


If MFKeRL = ty then Nk does not contain the operand 
fength; instead, if contains a register code for a 
register holding the operand ltengthe 


If MFkeID = 1» then the kth word following the Instruction 
Word does nof contain an Operand Desctiptor$; instead, if 
contains an Indirect Pointer to the Operand Oescriptor. 


C(Y-charnid, ClY-charn2), and CtY-charg3) may be 
overfapping strings; no check is madee 


If T = 12 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Over f low) 
Fault occurs. 


Detection of a character outside the range [(0,11) (octal) 
in a digit position or a characi.- outside the range 
{12,17] octal!) in a Sign position causes an Iitlegal 
Procedure Fault. 


Attempted execution with XED causes an I!flegai Procedure 
Faulte 


Attempted repetition with RPT, RPD, or RPL causes an 
Ittegal Procedure Faulte 
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“MICRO OPERATIONS FOR EDIT INSTRUCTIONSS 


The Move Alphanumeric Edited (MVE) and Move Numeric Edited (MVNE) 
instructions require micro operations to perform the editing functions in an 
efficient mannere Tne sequence of micro operation steo9s to be executed is 
contained in storage and is referenced by fhe second operand descriptor of the 
MVE or MVNE instructionse Some of the micro operations require special 
characters for insertion into the string of characters being edited. These 
special characters are shown in the “Edit Insertion Table” discussion below. 


Micra Operation Sequence 


Tne micro operation sfring operand descriptor points to a sfring of 93-bit 
characters that specify the micro operations to be pertormed during an edited 


MOovee Each of the 99-bit characters defines a micro oderation and has the 
following format: 


0 060 0 
ss A Ee 
H Hy i 
i MOP 2: 6#€6©@TF i 
f ey SNE eS f 
5 & 
“ Figure 2-29 Micro Operation (MOP) Character Format 
MOP 5 bit code specifying Micro Operation to be perfomed. 
I‘ Information Fieid containing one of the followningees 
le A sending string character counte A value of 0 is 


interpreted as 16-6 


2e The index of an entry in the edit insertion table to 
be used. Permissible values are i through 8-6 


Ze An interpretation of the “bdilank-w1en-zero” operation 


Edit Insertion Table 


wKhile executing an edit instruction, the Processor provides a register of 
eight 9-bit characters to hold insertion information. This register, called the 
“Edit Insertion Tabled, is not maintained after execution of an edit 


instructione At the sfart of each edit instruction, the Processor hardware 
initializes the table to the vafues given in Table 2-8, where each symbol refers 
to the corresponding standard ASCII character. 
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Tabie 2-8 Default Edit Insertion Tabie Characters 


Taple Entry 


—_—Number__ Character 

1 bil ank 

2 = 

3 + 

4 as 

5 $ 

6 ? 

7 e 

8 GO (zero) 


One or ali of the table entries can be changed by the Load Table Entry or 
the Change Tabie micro operations to provide different insertion characters. 


Edit Flags 


The hardware provides the following four ~edit filagsa for use by the micro 
operationse . 


ES End Suppression Fiag$ initialiy OFF and set ON by a micro 
operation when zero suppression endSe 


SN Sign Fliag$ initialtiy set OFF if the sending string is 
alphanumeric .or unsigned numeric. If the sending string 
is signed numerics the sending string sign character is 
tested and SN is set OFF if positive, and ON if negative. 


Zz Zero Flag$ initially set ON. It is set GFF whenever a 
sending string character that is not decimal zero is moved 
into the receiving stringe 


BZ Blank-When-Zero Fiag 3 initially set OF= and is set ON by 
either the ENF or SES micro operation. If, at the 
completion of a move, both the Z ang BZ are ON, the 
receiving string is filled with chasacter 1 of the Edit 
Insertion Table. 


Terminating Micro Operations 


The micro operations are terminated normatiy when the receive string tength 
becomes exhausted. The micro operations are terminated abormaltiy (with an 
Tllegal Procedure Fault) if a move from an exhausted sendirg string or the use 


a 


of an exhausted MOP string is attempted. 
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“MVNE and MVE Dif ferencesa 


Tne hardware executes MVNE in a slightty different manner than it executes 
MVE. This is due to the inherent differences in which numeric and alphanumeric 
data is handled. The folfowing are ovrief descriptions of the hardware 
eperations for MVNE and MVE. 


“NUMERIC EDITO 


ie Load the entire sending string number (maximum length 63 characters) 
into the Decimal Unit Input Buffer as 4G-bit digits (high-order 
truncating 93-bit data). Strip the sign and exponent characters (if 
any), put them aside into special holding registers and decrease the 
Input Buffer count accordingly. 


2e Test sign and, if required, set the SN flage 
Se Execute micro operation sfring, starting with first (4&-bit) digit. 


4e If an Edit Insertion Table entry or MOP insertion character is to be 
stored, “ANDed“, or “ORed” into a receiving string of 4=- or 6-bit 
characters, high-order truncate the character accordingly. 


Se If the receiving string is 93-bit characters, high-order fili the 
({hebit) digits from the Input Buffer with bits 0-% of character 8 of 
the Edit Insertion Table. If the receiving string is 6-bit 
characters, high-order fill the digits with “00™b. 


“ALPHANUMERIC EDITa 


le toad Decimal Unit Input Buffer with sending string characterse Data 
is read from main store in unaligned units (not 0D modulo 8 boundary) 
of Y-block8 wordse The number of characters read is the minimum of 
the remaining sending string count, the remaining receiving string 
counts and 64. 


Ze Execute micro operation string, starting with tne first receiving 
string cnaracter. 


Se If an Edit Insertion Table entry or MOP insertion character is to be 
stored, “ANDed™, or “ORed” into a receive string of &=- or 6-bit 
characters, nhigh-orcer truncate the character accordingly. 


Micro Operators 


A description of the 17 micro operations (MOPs) follonse The mnemonic, 
name, octal value, and the function performed is given for each MOP in a format 
simiftar to that for Processor Insfructionse These micro opestations are included 
in the alphabeitc {fist of instructions in Appendix De identified by fhe code 
MOP. 


Cnecks for. termination are made during and after each micro operatione Atl 
MOPs that make a zero test of a sending string characte~ test only the four 
least significant bits of fhe cnaractfere 
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The ftoltowing additional abbreviations and Symbols are used in the 
descriptions of the MOPse 


EIT Edit Insertion Tabte 
pin current position in the sending string 
pmop current position in the micro operation string 
pout current position in the receiving string 
CHT Change Table 21 
SUMMARY 8. For i = le 2s eccs 8 


C(Y¥-char92)pmopti -> CtEIT)I 


FLAGS3 None affected 
NOTES C(IF) is not interpreted for this operation. 

ENF End Floating Suppression 02 
SUMMARYS If CCIF)0 = O, then 


If €S is OFF, then 
If SN if OFF, then CCEIT)3 -> ClY¥-charn3ipout4i 
If SN in ON, then CCEIT)& => CCY-charg3) poutel 
pout = pout + 1 
ES set ON 

If ES is ON»y then no action 

If CtCIF)0 = i, then 

It ES is OFF, then 

CCEITIS => ClY¥-charyn3) pout +1 


pout = pout + i 


ES set ON 
It ES is ON, then no action 


If CCIF)1 = 1,5 then BZ set ON; otherwise no action 
FLAGS (Flags not fisted are not affected) 
REVIEW DRAFT 


SUBJECT TO CHANGE 
October, 1975 2-244 AL33 


ES 
BZ 


IGN 


SUMMARY 3 


FLAGS3 


INSA 


SUMMARY 3 


FLAGS3 


NOTES3 


INSB 


SUMMARYS 
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If OFF, then set ON 


If CCIF)2 = 1, then set ON$ othenmise no change 


Ignore Source Character 14 
CCUIF) + pin -> pin 


None affected 


Insert Asterisk on Suppression 11 


If £€S is OFF, then 
CCEITI2 => ClY-charg3) poutt1 
It CCIF) = 0, then pmop = pmop *# 1 
If ES is ON, then 
It CCIF) # Oy then 
m= CCIF) 
CCELT m -> ClY-charg3) pout4+i 
If CUIF) = OQ, then 
C{Y-char32)pmopti ->ClY¥-charp3) pout+1 


pmop = pmop + i 
None affected 


If CtIF) > 8 an ittegal procedure Fault occurs. 


Insert Blank on Suppression 10 


If ES is OFF, then 


CCEITI1L =-> ClY¥-charn3) poutt+L 


It CCIF) = 0. then pmop = pmop + 1 
If ES is ON, then 
If CCIF) # O¢ then 
m = C(IF) 


CCEIT Im -> ClY-charp3) pouttl 
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It CCIF) = O, then 
C(Y¥-char92)pmopti ->C(Y¥-charn3) poutel 


pmop = pmop + 1 


FLAGSS3 None affected 
NOTES? If CCIFt) > 8&8 an illegal Procedure Fault occurs. 

INSM Insert Table Entry 1 Multiple 01 
SUMMARY8 For i= 1, 2: ecee CCIiF) 


CCEITTIL => ClY¥-charg3) pouttel 


FLAGS8 None affected 
INSN Insert on Negative 12 
SUMMARY 83 If SN is OFF, then 


* 


CCEITI1 -> C(Y¥-charn3) pout +1 
It CCIF) = 0», then pmop = pmop + 1 
If SN is ON,g then 
If C(IF) # Oy then 
m= CCIF) 
CCEITIm -> Cl(Y¥-charp3)pouttt 
If CCIF) = Dy then 
C(¥-char92) pmopt+i ->ClY¥-charp3)poutti 


pmop = pmop # i 
FLAGS None affected 


NOTES: If CIF) > 8 an illegal procedure Fault occurse 
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Insert on Positive 


If SN is ON» then 
CCEITIL -—> ClY¥-charn3) pout #1 
If CCIF) = O, then pmop = pmop + t 
If SN is OFF, then 
It CIF) # is, then 
m = C(IF) 
CCELITIm => ClY—charn3)pouttel 
It CIF) = 0, then 
C(Y-char92) pmopt+i ->C(Y¥-charyn3) pouttl 


pmon = pmop + 1 
None affected 


If CIF) > 8 an Illegal Procedure Fau!f occurs. 


Load Table Entry 


m = CUIF) 
CtY¥-char932) pmopti -> CCEITIm 


pmop = pmop ¢ 1 
None affected 


It C(IF) = 0 or CCIF) > 8 an Itlegai Procedure 
occurse 


Move with Float Currency Symbol Insertion 


For i = 1, 29 cocy CCIF) 


13 


20 


Fault 


07 


If ES is ON, then CCY-charnidpinti -> ClY-charyg3) poutti 


If ES is OFF and ClY-charol)dpinti = decimal 0, then 


CCEITIL => ClY¥-charyn3)poutei 


If E€S is OFF and ClY-charni)dpinei # decimal 0, then 


CCEITIS -> ClY-charpn3)poutei 
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ClY¥-chargldpinei —> ClY¥-charp3)pouttitt 
pout = pout #+ i 


ES set ON 
(Fiags not listed are not affected) 


If OFF and any of ClY-charni)dpinti # decimal 0, then ONS 
otherwise unchanged 


If N21 or N2 exhausts before N3, an Iilega! Procedure Fault 
occurse 

The number of characters moved to the receiving string is 
data dependent. If the entire C(lY-chatni) is decimal 0°%s, 
C(IF) characters are moved to ClY¥-chatn3). However, if 
the receiving string contains a non-zero character, then 
C(IF)¢1 characters are moved to C(lY-charn3)$3 the insertion 
character pius ClY-charni). The user is advised that a 


possible [Itlegal Procedure Fauit due to this condition may 
be avoided by assuring that the Z and BZ flags are ONe 


Move with Fioat Sign Insertion 06 


For i = 1p 29 ceees CCIF) 

If ES is ONs then C(Y-charni)pinti -> ClY-charg3) pouttil 

If ES is OFF and ClY¥-chargilpinti = decimal 0, then 
CCEITIL +> ClY¥-chargs3ipoutti 

If E€S is OFF and ClY¥-charnidpinti # decimal 0, then 
If SN is OFF, then CCEITI3 -> Cl¥-charn3)poutti 
If SN is ONe then CCEITIG => ClY-charn3)poutti 
C(UY-chargil)pinti -> ClY~charg3) poutti +1 
pout = pout + 1 


ES set On 


(Fiags not listed are not affected) 


If OFF and any of ClY-charpl)pint+i # decimal Ov then ON; 
otherwise unchanged 


If Ni or N2 exhausts before N3, an Ii legal Procedure Fault 
occurse 


Tne number of characters moved to the receiving string is 
data dependent. If the entire ClY-chatpi) is decimal 0°s, 
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CCIF) characters are moved to ClY-cha7Q3). However, if 
the receiving string contains a non-zero character, then 
CCIF)+¢1 characters are moved to C(Y-charn3)$ the insertion 
character ojus C@Y-echarni)e The user is advised that a 
possibie Iltegal Procedure Fault due ta this condition may 
be avoided by assuring that the Z and 3Z flags are ON. 


MORS Move and OR Sign 17 


SUMMARYS For I = ly 29 eeosr CCIF) 
If SN is OFF, then 
C(Y-charnidpinei ' CUEITI3 -> ClY-charn3)poutti 
If SN if ON» then 


ClY-charnidpinti 1 CLEITI4 -> ClY¥-charn3)poutti 


FLAGS None affected 
MSES Move and Set Sign 16 
SUMMARY? For MVNE 


7 


For i = 15 29 eceos CCIF) 
C(Yecharnidpinti -> ClY-charn3) pouttl 
For MVE 
For i = 1s 29 ececos CIF) 
C(Y-charni)pinti -> C(Y-charn3) poutti 
C(Z) = ClY¥-charnidpintei & CLEITI3 
If C(Z) # O, then for j = itl, Lt2y eoeos CLIFF) 


CCY-charni)pintj} -> ClY-charn3) pouttj 


If CZ) Ds then 
C(Z) = ClY¥-charnidpinei & CLEITI4 


If C(Z) # Oy then 


SN set ON 
For } = itl, it2, eoesy CCIF) 


C(VY-charpilpin+) -> C(Y-charg3) pout+) 
FLAGS3 (Flags not listed are not affected) 
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If CCEIT)S found in ClY-charol), then ON$; otherwise no. 
change 


Move Source Character ; 15 


For i= 1, 2e eoccs CCIF) 


C(Y-chargilpintl -> ClY¥-charg3) pouttei 


None affected 


Move with Zero Suppression and Asteris< Replacement 05S 


For i = 1y 25 coos CCIF) 
If ES is ON» then ClY-charni)dpinti -> CCY-charg3)poutei 
If —€S is OFF and ClY-charnidpinei = decimal 0,5 then 
CCEITI2 => ClY-charyn3i)poutti 
If ES is OFF and ClY-charnilpinti # decimal 0, then 
C(Y-charpi)pinti -> C(Y-charn3)poutti 


ES set On 
(Flags not listed are not affected) 


If OFF and any of ClY¥-chargpi)dpinei # decimal 0, then ON$ 
otherunise unchanged 


If Ni or N2 exhausts before N3, an Itlegal Procedure Fauit 
occurse 


Move with Zero Suppression and Blank Replacement 04 


For i = ly 2e eoes CCIF) 


If ES is ON, then C(Y¥-charnpl)pinti -> ClY-charg3) poutti 


If ES is OFF and ClY¥-charnl)pinti = decimal 0, then 
C(EITIL => ClY-charn3) pouttei 

If ES is OFF and C(Y-charnidpinti # decimal! 0, then 
ClY-charglipinti -> ClY-charp3) poutti 


ES set ON 
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FLAGS3 (Fiags not listed are not affected) 


es If OFF and any of ClY-charnilpinei # decimal 0, then ON$ 
. othernise uncahnged ; 


NOTES3 If N1 or N2 exhausts before N3_ an Ittegal Procedure Fault 
occurse 
SES Set End Suppression ; 03 
SUMMARYS If CCIF)O = 0, then ES set OFF 


If CCIF)0 = 1, then ES set ON 
If CCIF)2 = 15 then BZ set ON} otherwise no action 
FLAGSS (Flags not tisted are not affected) 
ES Set by this micro operation 


BZ If CCIFo4 = 1, then ONS otherwise no crange 


Micrd Operation Code Assignment Mao 


Operation code assignments for the micro operations are shown in Table 2-9 
below. {---) indicates an unassigned code. All unassigned codes cause an 
ITilegai Procedure Fault. 


Table 2-9 “Micro Operation Code Assignment 4apa 


SORES) SESSA NN, SEEERREE SOR, See | 2 
00 t --- i insm! enf ! ses ! mvzbi mvzal mfisi mfici 
10 } insbi insai! insni inspi ign ! mvc $ mses! morsi 
20 3 ite ft cnt & cer § eee F ene 1 eee 2 eee 2 eee } 


Te ae ee ee ee Oe ee ee 
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SECTION III 


DATA REPRESENTATION 


INEQRMATION ORGANIZATION 


The Processor, like the rest of the Mulfics system, is organized to deat with information 
in basic units of 36-bit “words”. 
Other units of 4-5 B=—»9 G-bit “characters” or “bytes, 18-bit “half words", and 72-bit “word pairs™ 
can be manipulated within the Processor by use of the instruction set. 
These bit groupings are used by the 
hardware and software to represent a variety of forms of coded data. 
Certain Processor functions appear to manipulate targer units of 144, 288, 576, and 1152 bits, but 


functions are performed by means of repeated use of 72-bit word pairs. 
Att intormation is 
respresented as strings of binary bits. 


POSITION NUMBERING 


The numbering of bit positions, characte~ positions, and words increases in the direction 
of conventional reading and writing! fron the most-significant to the teast-significant 
digit of a numbers, and from teft to right in conventional alphanumeric text. 


Graphic presentations in this manual show registers and data wita positicon 
numbers increasing from left to righte ; 


NUMBER SYSTER | : ; 


The arithmetic functions of the Processo~ are implemented in the twos 
complement, binary number system. One of the primary properties of tais 
number system is that a fietd tor register) having width go bits may: be E 
inprepreted in tno different ways$ the “fogicalt™ case and the “arithmetic™ 
or “algebraic” casee 


In the togical casey the number is unsigred, positive, and ties in the 
range (0,2*%**n - 1). The results of arithmetic operations on numbers 
for this case are interpreted as 0 modulo n numbers. 
Overtionw is not defined tor this case since tne range of the fietd or 
register cannot be exceeded. 
The numbers "0° and “2**p - 1 are consecutive (not Segacutedi in the 
set of numbers defined tor the fieid or register. 
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In the arithmetic case, the number is si3ned and tiles in the range 
(-2**(p-1),2%*(n-1) - Lie Overflow is defined for this case since sirce the 
range can be exceeded in either direction (positive or negative). 
The left-hand-most bit of the field or register (bit 0) serves as the sign bit and_ 
does not contribute to the vaiue of the number. 


( 


The main advantage of this inpleaentation Is that the hardware arithmetic 
algorithms for the two cases are identical; the only distinetion 

tying in the interpretation of the results by the user. 

Instruction set features are provided 

for performing binary arithmetic with overflod disabled 

(the so-called fogical instructions) 

and for comparing nuapers in either sense. 


Subtraction is performed by adding the two's complement of the 
subtrahend fo the ainuend. 
(Note that when the subtrahend is zero the algorithm for forming the two*s compiement 
Is still carried out » but, since the two's compfement of zero is zero, 
the resulf is correcte) — 


Another important feature of the two's complement 
number system (with respect to comparison of numeric vatues) is that 
the “no borrow” condition in true subtraction is identicat to the 
“carry” condition in true ecotien and vies versae 


A statement on the assumed iséation oF the binary point has significance only 
for multiplication and division. These two odserations are implemented for the arithmetic case 
in both integer and fraction modes. 
“Integer” means that the position of the binary point is 
assumed fo the right of the least-significant bit position (that tes. to the 
right of the right-hand-most bit of the field or register) 
and “fraction” means that fhe position of the binary point is assumed 
to the left of the most-significant bit position (that is, between bit D and 
bit 1 of the fleld or register} recall that bit 0 is the sign bit). 


INFORMATION FORMATS 


The Figures below show the unstructured formats {tenptates) for the various intekeation units 
defined for the Processor. 
Oata transfer between the Processor and main store ls word oriented$ a 36-bit machine word is. 
transterred for single-precision operands and sub-fields of machine words, and a 72=bit word pair 
is transferred for:ail other cases (mul ti-word operands, Instruction fetches, bit- and character-str: 


The information unit to be used and the data trans fer aode is petereined by the PEeces Or 
according to the function fo be performed. 


The 36-bit unstructured machine word shown in Figure 3-1 below is the minimum addressable 
information unit in main store. Its location is uniquely determined oy its main store acer eene Ye 
All other information units are detined relative to the 36-bit machine word. 
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’ H 

3 H 

E [aeeeeeeee tearoom se manne en Oa ete Peer maenen 
36 


Figure 3-1 Unstructured Machine Word Format 


Two consecutive machines words as Shown in Figure 3-2 below, the first 
having an even main store address, form a 72-bit word paire In 72-bit word pair 
data transfer modes, the word pair is uniquely ftocated by the main store address 
of either of its constituent 36-bit machine wordse Thus, if Y is even, the word 
pair at (Y,Y+1) is selected. If Y is odd, the word pair at CY¥-1,Y) is 
selected. The term “Y-pair® is used for such a word pair addresse 


0 3 3 7 
Peel | RE enter eee a a a ee 
| | 3 
3 3 i 
p Sone eee nae maeeneT DS Saas sis ce Me ae 

36 36 
Even Word Odd Word 


Figure 3-2 Unstructured Word Pair Format 


44-bit characters are mapped onto 36-bit machines words as shown in Figure 
3-3 below. The “0" bits at bit positions 0, 9» 18, and 27 are forced to be 9 by 
the Processor on data transfers to main store and are ignored on data transfers 
from main sforee 


Figure 3-3 Unstructured 44-bit Character Format 


66-bit characters are mapped onto 36-bit machines words as shown in Figure 


3-4 below. 
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wd 


0 0.0 1 i i121 22 2 3 3 
je ee 
3 3 t i i ; | i 
Se a 


Figure 3-4 Unstructured 6<-bit Character Format 


9-bit characters are mapped onto 36-bit machine words as shown in Figure 
3-5 belowe 


0 O00 11 22 3 
Se as a vee cere 
’ : 
’ : i : i 
t emer e vee coere ft Seema renee meee eee 2 See ee ee eee NEY 
9 3 9 9 


Figure 3-5 Unstructured 93-bit Character Format 


18-bit half words are mapped onto 38-bit machine words as shown in Figure 
3-6 below. 


Y) iil 3 
SSS Se ee 


f Sere ener se ea LP SOR EERE 1 
18 18 
Upper Hai f Lower Half 
Figure 3-6 Unstructured 18-bit Half Word Format 
DATA PARITY 


Odd parity on each 36-bit machine word transferred to main store is 
generated as it leaves the Processor, is verified at several points afong the 
transmission path, and is he$d in main store as an “extra™ bit. If an incorrect 
parity is detected at any of the various parity “cneck points", the main store 


returns an Iifegal Action signal and a code appropriate to the check pointe 


Gn data transfers from main sfore, the parity voit is retrieved and 
transmitted with the data bitSe Tne same verification checks are made and 
Iitegal Action signaiied for errorse The Processor makes a final parity check 
as the data enters the Processor. 
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Any detected parity error causes the Processor Parity indicator to set ON 
and tif enabled) a Parity Fault. 


REPRESENTATION OF DATA 


Data is defined by imposing an operand structure on the information units 
described above. Data is represented in two forms: numeric or alphanumeric. 
The form is determined by the Processor according to function to be per formed. 


Numeric Data 


Numeric data is represented in three modes: fixed point binary, floating 
point binarys and decimal. The mode is determined by the Processor according to 
the function being performed and any Address Modification invoked for the 
instruction being executed. 


FIXED POINT BINARY DATA 


Fixed Point Binary Integers 


* 


Fixed point binary integer data is defined by imposing either of the bit 
position value structures shown below on an information unit of n bits. 


Logical vaiue3 
atO)x2%*n + a(1)x2**(n-1) + eos + aln~-1) 
t 
Arithmetic value? 


C°=<$"£al(0)) (3(1)8a00)) x2**¥(g-1) + (a(2)6a(0d) x2*F#(n-2)+ woe tl aln-1)8a(0)) 


wheres 
a(i) is the value of the bit in the ith bit position 
@ indicates the Boolean Exctusive OR function 


"J" indicates the position of the binary point 


("“-"&ial(0))] selects the proper sign according the value of a(0) 


The folttoning fixed point binary integer data items are defined? 
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Q Nane 


6 6-bit Byte Operand 

9 39-bit Byte Operand 

18 Half Word Operand 

36 Single Precision Operand 
72 Double Precision Operand 


Note that 4-bif Byte Operands are not defined. This data item is defined 
oniy for Oecimal Datae (See Decimal Oata below.) 


Tne proper operand and its position within a 36-bit machine word is 
determined by the Processor during preparation of the main store address for the 
operand. If the data width of the operand selected is smailer than the register 
involved, the operand is high-order and/or low-order zero filled as necessary. 


Table 3-1 Fixed Point Binary Integer Values 


6-bit 99-bit 18-bit 36-bit 72-bit 
Operand Byte Byte Hatf Word Single Precision Double Precision 
Logical range 
Minimums 0 0 0 D 9 
Maximums (2*¥*6)-1 (24*92-1L (27718) <1 (2**36)-1 (2**72)-1 
Resolution: 1 1 1 1 1 
Arithmetic range 
Minimums 8 0 Gg 0 ‘ 0 
Maximnat 
Neg. -(2**5) -(2**8) -~(2**17) ~(2**35) ‘-(24471) 
PoSe (2**5)-1 (2**8)-1  (2**17)-1 (2*¥¥*35) <1 (2**71)-1 
Resolution? i 1 i i 1 


Fixed Point Binary Fractions 


Fixed point binary fraction data is defined by imposing fhe bit position 
value structure belon on an information unit of n bitSe 


Arithmetic vaiues 


("-"§a(0)) (a(1)@a(0) )x2**#-1+(a(2)8a(0 )) x2FF-24.00¢ (aln-1)86a(0))x2FF-(n-1) 
T 


Note that ftogicai values are not defined for fixed point binary fraction 


datae 


The following fixed point binary fraction data items are defined’ 
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XB Name 


6 6-bit Byte Operand 

9 9-bit Byte Operand 

18 Half Word Operand 

36 Singie Precision Operand 


Note that 4-bit Byte Operands and 72-bit Double Precision Operands are not 
defined. &—-bit Byte Operands are defined only for Decimal Data. (See Decimal 
Data belon.) If the instruction being executed is Divide Fraction (DVF), the 
contents of the combined Accumulator and Quotient Registers are treated as a 
72-bit fixed point binary fraction value but are not addressable as an operande 


The proper operand and ifs position within a 36-bit machine word is 
determined by the Processor during preparation of the main store address for the 
operand. If the data width of the operand selected is smalier than the register 
involved, the operand is high-order or low-order zero filled as necessary. 


Table 3-2 Fixed Point Binary Fraction Values 


6-bit - 99-bit Lower 18-bit 
Operand Byte Byte Half Word 
Arithmetic range 
Minium: 0 0 0 
Maxima’ 
Nege m2 (1) --- --- 
Pos. ((2*45)-1) x 244-35 8 ((2**8)-1) x 24F-35 8 ((27F17)-1) x 24-35 
Resolutions 2¥F=-35 2¥F—35 24F-35 
Upper 18-bit 36-bit 
Operand Half Word Single Precision 
Arithmetic range 
Minimum? 0 0 
Maxitas 
Nege -1.0 -1.0 
PoSe 1.0 - 2**-17 10-0 - 24¥-35 
Resolution; 2F¥~-17 2**=-35 


(14) No Negative maximum is shown for 6-bit Bytes 9-bit Byte, and Lower 18-bit 
Half Word operands since the high-order zero fiili curing operand 
alignment forces the sign bit to zero. 


Ali operands are tegal for the Divide Fraction (DVF) instruction but only 
the 18-bit Halt Word and 36-bit Single Precision operanjs are jiegal for the 


Multiply Fraction (MPF) instruction. 


Fixed point binary fraction operands are illegal for adil other 
instructionse 
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FLOATING POINT BINARY DATA 
A floating point binary number is expressed as 
Z=MxK 2 FFE 


wheres 
M is an arltnhmetic fixed point binary fraction; the mantissa 


E is an arithmetic fixed point integers the exponert 


A floating point binary number is defined by imposing the bit position 
vatue structure below on an information unit of pn bits. 


Exponent vatues 


C"="€a00)) (a1)6a(0))x2**6 + (al2)8al(0IIxK2FFS + eee + (217) 6081(0)) 
Tt 


Mantissa value? 


[%="£a(8)] (20990908) >) x2**-1+ (a (1098318) x2%*-24000¢ (aln-1)8a(8)) x2 ** (7-n) 
T 


= 


where the symbols and notation are the same as for fixed point binary data 
above. 


The tollowing floating point data items are defined. 


D Name - 

18 Half Word Operand 

36 Singte Precision Operand 
72 Double Precision Operand 


For clarity, the formats of these operands are shown in Figures 3-7 through 
3-10 belon. 


0 0 009 1 1 3 
Ug I aa 
: 3 ; 3 : 3 
RY E 1S3 M ‘Tc 000000000000900 0 0 B3 


e 


I a 
1 71 10 18 


Figure 3-7 Upper 18-bit Half Word Floating Point Binary Operand Format 
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0 0 000 11 3 


Daeennene i: Maer eGIS = 
$0:0 0000600 0301000009090 0 03 a i 

p A: eee See enaee, say: CRN e Retr eeNre Sear enaaean Semen rege aeN ee te Serer sista a gastaned 
1 71 10 18 


Figure 3-8 Lower 18-bit Half Word Floating Point Binary Operand Format 


ry 


090 00 0 3 
cs ome Leet eee asl. SS: aera eee eeeeee geet er 
a | 1 3 3 
1S! E 1S3 M 1 
a a ed 

1 71 27 


Figure 3-9 Single Precision Floating Point Binary Operand Format 


0 0 000 7 
oA | A (Reon | Set Re 
i 3 i | : 
{Si E Si M 3 
fs a eee SOY Neel mena eee ea eee Coe a i a clara ice mia 

i 7 i 63 


Figure 3-10 Doubie Precision Floating Point Binary Operand Format 


Tne proper operand is selected by the Processor during preparation of the 
main store address for the operand. If the data width of the operand is smatter 
than the register involved, the operand is high-order or low-order zero filled 
as necesSarye 


Overtength Registers 


The combined AQ register is used to hold the mantissa of all ftoating point 
binary numbers. The AQ register is said to be overtength with respect to the 
operands since if has more bits than are provided by the operands. Operands are 
low-order zero filled when loaded and !ow-order truncated (or rounded, depending 
on the instruction) when = stored. Tnus, the result of at! fioating point 
instructions has more bits of precision in the AQ fhan may be stored. 


Users are cautioned that algorithms involving floating point operands may 


suffer from propagation of truncation errors unless the algorithms are designed 
to hold mantissas in the AQ register as tong as possibie. It is possible to 
retain full AQ precision of results if they are saved with the Store AQ (STAQ) 
and Store Exponent (STE) instructions but such saved data are not usabie as a 
fioating point operand. 


Normatized Numbers 
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A floating point number is said to be normalized if the reiation 
(0-5 « %43 < 1.9) 


is satified. The presence of unnormalized numbers in any finite mantissa 
arithmetic can onty degrade the accuracy of results. For example, in an 
arithmetic allowing onty two digits in the mantissa, the number 0.005 x 10#*2 
has the value zero instead the vatue one haif. 


Normalization is a process of shifting the mantissa and adjusting the 
exponent untii the relation above is satisfied. Normalization may be used to 
recover some or all of the extra bits of the overfiengtnh AQ register after a 
floating point operat ione ; 


There are cases where the timits of the registers force the use of 
unnormaflized numberse For example, in an arithmetic allowing three digits of 
mantissa and one digit of exponent, the calculation 6.3 x 10**-10 - Qel x 
10**-i11 (the normalized case) may not be made, but 0.93 x 10*%*-9 ~ 0.001 x 
10**-9 = 0.029 x 10**-9 (fhe unnormalized case) is a valid result. 


Some examples of normalized and unnormaliized numbers ares’ 


Unnormatized positive binary 0-00011010 x (2**7) 
Same number normalized 0.12010000 x {24*4) 
Unnormalized negative binary 1211010111 x (2*¥*-&) 
“Same number normalized 1201011100 x (2**-6) 


The minimum normalized non-zero floating point binary number is 2**-128 in 
all casese 


Table 3-3 Floating Point Binary Operand Vatues 


Lower 18-bit Upper 18-bit 36-bit 
Operand Half Word Half Word Single Precision 
Unnormalized range 
Minimums 0¢1) ; 0 9 
Maximums 
Nege ---(2) -1.0 x 24*127 -1.0 x 24*127 
PoSe (2**9 - 1) x 2%*-155 (4 - 24-9) x 2%*127 (1 =- 294-27) x 2**127 
Resolutions 24**-155 129(3) 13:27 
72-bit 
Operand Double Precision 
Unnormalized range 
Minimums 0 
Maximums 
Nege ~1.9 x 2**127 
POSe (1 - 2**-63) x 2**127 
Resolution’ 1263 
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(1) There is no unique representation for the value zero in floating point 
binary numberss$ any number with mantissa zero has the valve zeroe However, 
the Processor treats a zero mantissa as a special case in order to preserve 
precision in later calculations with a zero intermediate result. Whenever 
the Processor detects a zero mantissa as the result of a floating binary 
operation, the AQ register is cleared to zeros and the = register is set to 
-128. This representation is known as a floating normalized zero. The 
unnormalized zero (any zero mantissa) will be hnardled correctiy if 
encountered in an operand but precision may be lost. For example, A x 
10*¥*-1% + 0 x 10**85 will not produce desired results since atl the 


precision of A will be tost when it is aligned to match the 10**85 exponent 
of the 0. 


(2) No Negative maximum is shown for Lower 18-bit Haif Word operands since the 
nigh-order zero fill.during operand alignment forces the sign bit to zero. 


(3) A value cannot be given for Resotution in these cases since such a vatue 
depends on the value of the exponents Ee The notation used (i%m) indicates 


resolution to i bit in a field of me Thus, the following general statenent 
on resolution may be made? 


The resotution of a floating point binary operand with mantissa length 
and exponent vaiue E is 2**(E-m)e 


DECIMAL DATA 


Decinral numbers are expressed in one of the following forms’ 


2 


Fixed point, no sign MMMMMMe 

Fixed point, teading sign +MMMMMNO} 

Fixed point, trailing sign MMMMMM et 
Floating point SMMMMMNw x LOFFE 


The form is specified by control information in the Operand Descriptor § for 
the operand as used by the Extended Instruction Set (EIS). (See Section II, 
Machine Instructions.) 


A decimal number is defined by imposing any of the character position vatue 
structures below on a 4&-bit Character or 93-bit Character inrformation unit of 
fength n characters. 


Fixed point, no sign’ 


c(0)x1iBF*(pn-1) + c(L) xi0F*#(g-2) + eee + Cln-1) 


Fixed point, leading signs’ 


C(sign=c(0)) c(1)xi0*F(n-2) ¢ c(2)x10F* (p- 3) + eco + Clg-1) 
T 
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Fixed point, trailing sign 


C(0)K10FF(Q-2) + COLI K1OFF(Q-3) + cee + Cln-1) [sign=cl(g)) 
t 


Floating point: 


(sign=c(0)) cll) x10**7 (p-3) tc 02)xK10** (p-G)+ eee *c0f 0-2) Cexponent=8 bits] 
t 


where’ 


cli) is the decimal vatue of the character in the jth character 
positione 


“T° indicates the position of the decimal pointe 
{sign=c(i)1]1 indicates that c(i) is interpreted as a sign character. 


Cexponent=8 bits) indicates that tne exponent value is taken from the 
fast 8 bits of the character string. If tne data is in 9-bit 
Cnaracters, the exponent is bits 1-8 of clipe If tne data is in 4&-bit 
Characters, the exponent is the concatenated value of c(n-i) and c(n). 


The decimal number as described above is the only decimal data item 
defined. It may begin on any tegai character boundary (without regard to word 
boundaries) and has a maximum extent of 63 characters. 


The Processor handles decimal data as 44-bit bytes internally. Tnus, 9QI-bit 
characters are high-order truncated as they are transferred from main store and 
high-order filled as they are transferred fo main store. The fif! pattern is 
“O0110"b tor digit characters and “80100"b for sign characters. The floating 
point exponent is a special case and is treated as a two's complement binary 
integere 


The Processor performs validity checking on decimai data. Onty the byte 
values (0,11) octal are iegai in digit positions and only the byte values 
(12,17) octai are legal in sign positions. Detection of an iftliegat byte vatue 
causes an [Illegal Procedure Fault. The interpretation of decimat sign 
characters is shown in Tabel 3-4 belowe 


Table 3-% Decimal Sign Character Interpretation 


9-bit 4-bit ; 
Character Character Interpretation 


S52 12 + 
53(¢1) 1302) + 
54& 14(1) + 
551) 15(1) - 
56 16 + 
57 17 + 
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(1) YTnis character is used as the default sign character for storage of 
resulfse The presence of other characters will yield correct results 
according to the interpretation. 


(2) An optioral contro! bit in the EIS Decimal Arithmetic instructions (See 
Section II, Machine’ Instructions) allows tne selection of (13) octal for 
the plus sign character for storage of results in 4&-bit data mode. 


Decimal Oata Vatues 


Tne Operand DOescriptors for decimal Gata operands have a 6-~-bit two's 
comptement binary tielid tor invocation of a Scaling Factor (SF). Tnis Scaling 
Factor has the same effect as the value of E in floating point decimal operands$ 
a negative value moves the assumed decimal point to the feft$ a positive value, 
to the right. The use of the Scaling Factor extended the ~ange and resolution 
of decimal data operandse The range of the Scaling Factor is (-32,31). 


Table 3-5 DOecimal Data Values 


Fixed Point Fixed Point 

Operand No Sign Leading or Trailing Sign 
Arithmetic range 

Minimums 0¢2) 0 

Maximum’ (10**64 = 1) x 10**31 #(104**63 = 1) x 107*31 

R@solutions 13SF(2) 13SF 
Operand 99-bit Floating Point 4ebit Floating Point 
Arithmetic range 

Minimums 0 0 

Maximum’ #(10**62 - 1) x 10%*158 #(10**61 - 1) x 10**158 

Resolutions 18SFee IsSFee 


(1) See Decimal Zero belowe 


€2) A value cannot be given for Resolution in these cases since such a value 
depends on the vaiue of the Scaling Factor, SF, and/or the exponent, Eo. 
The notation used (12SF+E) indicates resolution to 1 part in 10**(SFtE). 
ThuS, the following general statement on resolution may be mades 


Tne resolution of a fixed point decimal operand with Scaling Factor SF 
is 10**SF and the resolution of a floating point decimal operand with 
Scaling Factor SF and exponent E is 10**(SFE). 
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Oecimai Zero 


As in floating point binary arithmetic, there is no unique representation 
of the vatue zero except in the case of fixed point, no sign datae Therefore, 
the Processor detects a zero result and forces a value of #0. for fixed point, 
leading or trailing sign and #0. x 10**127 for floating point datae Again, as 
in floating binary arithmetic, otner representations of the value zero will be 
handied correctty except for possibfie loss of precision during operand 
alignment. 


Aiohanumeric Oata 


Alphanumeric data is represented in two modes$ character string and bit 
string. The mode is determined by the Processor according to. the function being 
per formed. 


CHARACTER STRING DATA 


Cnaracter string data is. defined by imposing the character position 
structure below on a &-bit, 66-bit, or 9-bit Character information unit of length 
Dp characterse 


g(0) 83 COL) 1 eee 32 Cl pl) 


wheres 
cli) is the character in the jth character positior. 
$3 indicates the concatenation operation. 
Tne character string described above is the onty character string data item 


defined. It may begin on any legal character boundary (without regard to word 
boundaries) and has a maximum extent as shown in Table 3-6 below. , 


Table 3-6 Character String Data Length Limits 


Character Size Lensth Limit 
9-bit 1048576 
6-bit 1572864 
4-bit 2097152 


No interpretation of the characters is made except as specified for _ the 
instruction being execufed. (See Section II, Machine Instructionse) 
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BIT STRING DATA 


Bit string data is defined by imposing the bit position structure below on 
a machine word information unit of length n bits. 


b(O8! DCL) 32 coe $3 Dl n-1) 


wheres 
b(i)d is the value of the bit in the ith positione 
32 indicates the. concatenation operation. 
Tne bit string described above is fhe only bit string data item defined. 


It may begin at any bit position (without regard to character or word 
boundaries) and has a maximum extent of 9437184000 bitse 
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SECTION Iv 


PROGRAM ACCESSIBLE REGISTERS 


A Processor register is a harware assembly that holds information for use 
in some specitied waye An accessible register is a register whose contents are 
availabie to the user for his purposes. Some accessibie registers are 
explicitiy referenced by particular instructions, some are inplicitiy referenced 
during the course of execution of instructions, and some are used in both waysSe 
Tne accessibie registers are listed in the tabie belowe See Section II, Machine 
Instructions, for a discussion of each instruction to determine the way in which 
tne registers are used. 


Table 4&-1 Processor Registers 
Nane Mnemonic Bit Lerxgth Quantity 
Accumulator Register A 36 1 
Quotient Register Q 36 4 
Accumulator-Quotient Register {1) AQ 72 1 
Exponent Register E 8 1 
Exponent-Accumul ator-Quotient Register (1) EAQ 80 1 
Index Registers Xn 18 8 
Indicator Register IR i4& i 
Base Address Register BAR 18 1 
Timer Register TR 27 1 
Ring Alarm Register RALR 3 1 
Pointer Registers PRn 42 8 
Procedure Pointer Register PPR 37 1 
Temporary Pointer Register TPR 42 1 
Descriptor Segment Base Register DSBR» (DBR) 51 1 
Segment Descriptor Word Associative Memory SDWAM 85 16 
Page Table Word Associative Memory PTWAM 51 16 
Fault Register 35 1 
Mode Register HR 33 1 
Cache Mode Register CMR 28 1 
Control unit (CU) History Register 72 16 
Operations Unit (0U) History Register 72 16 
Decimal Unit (DU) History Register 72 16 
Appending Unit (AU) History Register 72 16 
Configuration Switch Data 36 5 
Control Unit Data 576 1 
Decimal unit data 288 i 
(1) These registers are not separate physicat assemblies but are logical 


combinations of their constituent registers. 


In the descriptions that follow, the diagrams given for register formats do 


not imply 
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that a physical assembly possessing the pictured bit pattern existSe 


AL39 


Tne diagram is a gqaphic representation of the form of the register data as it 
appears in main store when the register contents are stored or now data bits 
must be a<csembled for loading into the register. 


ACCUMULATOR REGISTER (Ad 


Eormat: - 36 bits 


0 11 3 
iA | Saranac eee ee Ai. eee a Be 
3 3 H 
3 A-Upper H . A-Lowe~ | 
fee eee aR oe PAD ee! Atal Rae See ARE are SPOR SC eee era: Tee RENEE 

18 18 


Figure 4-1 Accumulator Register (A) Format 


Descrintion: 


A 36 bit physical register located in the Operations Unite 


Functions 


bd 


In fixed point binary operations, holds operands and resulfsSe 


In floating point binary operations, hotds the most significant part of the 
mantissae 


In shifting operations, hotds original data and shifted results. 


In acdress preparation, may hold two ftogicaliy independent word offsets, 
A-Upper and A-Lowers, or an extended range bit or character offset. 


QUOTIENT REGISTER (0) 


Eormats - 36 bits 


0 it 3 
on i ac ic A ae a eee Se 
3 i : 
H Q-Upper H Q-Lower i 
| eee C Oe REREE TRIES Oe aaetr cE TER rye ESA LAO EET ECM PRTEREL DSA TEETER Te POR EER Da OEE OE TR LON OLE E TS: | 

18 18 


Figure 4-2 Quotient Register (Q) Format 
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Descriptions 

A 36 bit physical register tocated in the Operations Unit. 
Eunctions 

in tixed point binary operations, hoids operands and results. 


In floating point binary operations, holds the feast significant part of 
the mantissae 


In shifting operations, hoids original data and shifted results. 


In acoress preparation, may hold tno logically independent word offsets, 
Q~Upper and Q-Lower, or an extended range bit or character of fsete 


ACCUMULATOR-QUOTIENT REGISTER (AQ) 


Eormat? ~- 72 bits 


1) 33 7 
: H t 
7* Even Word : ’ Odd word i 
fee ee Se a Ss SE eT RELATE (8 

36 aa 36 


Figure 4-3 Accumulator-Quotient Register (AQ) rormat 
Description: 
A logical combination of the Accumulator (A) and Quotient (Q) registers. 
Functions 


In fixed point binary operations, holds double precision operands and 
resultse 


In floating point binary operations, holds the mantissa. 


In shifting operations, holds original data and shifted results. 
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EXPONENT REGISTER (E> 


Format! - 8 bits 


0 0 0 3 
aA | Sacer pei Sari cane ec an 
a 3 H 
1 exponent ix xxxxKxKxx«xMNMKXKKKRNMKKNKKXMM HK KK KK KK? 
p ieee peaneea one a li Sr a et ee 


8 28 
Figure 4-4 Exponent Register (£) Fromat 
Descriotion? 


An 8 bit physical register tocated in the Operations Unit. Bits pictured 


as x are “don*t care™ bits, that is, are irrelevant to the register or 
its use@e 
Eunction: 


In floating point binary operations, holds the exponente 


EXPONENT-ACCUMULATOR=QUOTIENT REGISTER (EAQ) 


Eormats ~ 80 bits 


0 09 7 
i i : 
i exponent 2 mantissa H 
| eee ee MET EN Lest Sse Ree ae PRP MS Rete GPR IN Ae Perl CRE Tee eR oD 

8 64 


Figure 4-5 Exponent-Accunmulator-Quotient Register (EAQ) Format 
Qescription: 


A logical combination of the Exponent (£&), Accumulator (A), and Quotient 
(Q) registerse Although the register has a total of 380 bits, only 72 are 


invotved in transfers to and from main storee The fow order 8 bits are 
truncated on store and zero filfed on toad. 


Eunction: 
In floating point binary operationss holds operands and resultse 
REVIEW DRAFT 
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INDEX REGISTERS (Xn) 


Eormat? ~- 18 bits each 


o i 
le ee 
t ’ 
3 : 
} Satan nen er a Sonne ser ne & 

18 


Figure 4-6 Index Register {Xn) Format 
Descriotion: 


Eight 18 bit physical registers in the Operations Unit numbered 0 through 
7e Index Register data may occupy the position of either an Upper or Lower 
18-bit Half Word operand in a main store machine worde 


Function: 


In fixed point binary operations, noid haif word operands and results. 


In acdress preparation, hold word offsets or extended range bit or 
echaracter of fsetse 


INDICATOR RECISTER (ERD 
Format? - 14 bits 


0 i:141422 2222 22223 353 3 


Fa | Sesame ene eee eae tee —L8201423 4 5.67 8.9 9 41 
3 + rr rr Oe ' 


ixxxxxxxx«exxxxxxxx x xiaibicidielfigithiisjpi«kittiminidp oO 0 0: 


[ ere Geer: es oe: Eid: eee (eee me oko My Dine See (goes Lee ieee, ee eee 
18 1222422221224 2411 4 
Figure 4-7 Indicator Register (IR) Format 
Description: 


A logical! assembiage of 14% indicator flags from various Units of the 
Processor. Tne data occupies the position of a Lower 48-bit Half Word 
operande Bits pictured as “x” are “don*t care™ bits and are irrelevant fo 
the register or its use. Bits pictured as "0" are reserved and must have 
vatue 0. When interpreted as data, a bit vatue of 1 corresponds to the ON 
state of the indicator, a bit value of 0 corresponds to tne OFF state. 
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Eunctions 


The functions of the individual indicator bits are given belowe An “x” in 


tne column neaded “EL” 


bey L Indicator Name 


a Zero 

b Negative 

c Carry 

d Overflow 

e Exponent Overflow 
f Exponent Undertion 
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indicates that the state of the indicator is not 
affected by instructions that 


load the IR. 


Action 


This indicator is set ON anenever the output 
of tne main binary adder consists entirely of 
zero bits for binary or shifting operations 
or the output of the decinal adder consists 
of zero digits for decimal’ operations$ 
otherwise, if is set OFF. 


This indicator is set ON ahenever tne output 
of bit 0 of fhe main binaty adder has vatue 1 
for binary or shifting operations or the sign 
character of the result of a decimal 
operation is the negative sign character$ 
otherwise, it is set OFF. 


This indicator is set ON for any of the 
following conditions; otherwise, it is set 
OFF e 


{1) If a bit propagates teftward out of bit 
0 of the main binary adder for any 
binary or shifting oseratione 


{2) If IivalueL! =< ivatue2i for ae decimal 
numeric comparision speration. 


(3) If chart =< char2 for a deci mal 
aiphanumeric compare operatione 


This indicator is set ON if the arithmetic 
range of a register is exceeded in a fixed 
point binary operation or if the target 
string of a decimal numeric operation is too 
small to notd the integer part of the result. 
It remains ON until reset by the Transfer on 
Overfiow (TOV) instruction or is reset by 
some other instruction that toads the IR. 
The event that sets tris indicator ON may 
aitso cause an Overflow Fauit. (See Overfiow 
Mask indicator below.) 


This indicator is set ON if the exponent of 
the result of a fioating point binary or 
decimal numeric operatio» is greater than 


#1270 It remains ON sntil reset by the 
Transfer on Exponent Over fiow (TEO) 
instruction or is reset by some other 
instruction that toads tre [R. The event 


that sets this indicator IN may also cause an 
Overflow fFauit. (See Overflow Mask indicator 
belowe) 


This indicator is set ON if the exponent of 


tne eresult of a fioating point binary or 
decimal numeric operation is less than -128. 
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Key L Indicator Name 


9 Overflow Mask 
fh Tally Runout 
i Parity Error 
} Parity Mask 
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Action 


It remains ON until reset by the Transfer on 
Exponent Underfiow (TEU) instruction or is 
reset by some other instruction that loads 
the IR. The event that sets this. indicator 
ON may ai!so cause an Jverflionw Fault. (See 
Overtiow Mask indicator below.) 


This indicator is set ON or OFF only »by~ the 
instructions that toad tne IR. When set ON, 
it inhibits the generation of the fault for 
those events that normally cause an Overflon 
Fault. If tne Overfiow Mask indicator is set 
OFF after ocurrence of an Overflon event, an 
Overflow Fault wil’ not occur even though the 
indicator for that evert is still set ON. 
Tne state of tne Overflow Mask indicator does 
not affect tne settings testing, or storing 
of any other indicatore 


This indicator is set OFF at initialization 
of any tallying operation, that is», any 
repeat instruction or any Indirect Tnen Taily 
Address Modificatione [tf is then set ON” for 
any of the following conditions? 


(1) If aeéerepeat instcuction terminates 
because of tally exhaust. 


(2) If a Repeat Link (RPL) instruction 
terminates because of a zero tink 
addressee 


(3) If a tally exhaust is detected for an 
Indirect Tnen Tally modifier. The 
instruction will be executed whether or 
not tally exnausf occurs. 


This indicator is set ON whenever the main 
store signals Iflegal Actor with a parity 
error code or the Processor detects an 
internal parity error condition. The 
indicator is set OFF only by instructions 
that load the IR. 


This indicator is set ON or OFF only by the 
instructions that toad the IRe When it is 
set ON, it inhibits the generation of the 
Parity Fault for ail events that set the 
Parity Error indicator. If the Parity Mask 
indicator is set OFF after the ocurrence of a 
Parity Error event, a Parity Fault wiil not 
eccur even though the Parity Error indicator 


may still be set ON. The state of the Parity 
Mask indicator does not affect tne loading, 
testing, or storing of any other indicator. 
generated from oreviousiy set oarity error 
indicatorse The status of the parity mask 
indicator does not affect the setting, 
testing, or storing of the parity error 
indicatore 
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key L Indicator Name _ 


k 


n 


x Not BAR Mode 


Truncation 


Mid Instruction 
Interrupt Fauit 


x Absolute Mode 
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Action 


This indicator is set OFF onty by execution 
oft the Transfer and Set Stave (TSS) 
instruction that places tne Processor in BAR 
Mode. It is set ON (taking tne Processor out 
of BAR Mode) by the execution of any transfer 
class instruction ogtner then ISS during a 
Fault or Interrupt Trape Howe ver » if the 
Fault or Interrupt Trap occurs while in SAR 
Mode, and the transfer class instruction is 
Return (RET), Return Control Doubte (RICO), 
or Restore Control Unit (2CU) and bit 28 of 
the saved IR data is 0, the Processor witl 
remain in BAR Modee 


This indicator is set ON ahnenever the target 
string of a decimal numeric operation is too 
smail to hotd at f! the fraction digits of fhe 
result or the target string of an 
alphanumeric operation is too small to hotd 
al! tne bits or characters to be stored. 
Atso see the Overflow indicator condition for 
decima’! numeric ooerations. The event that 
sets this indicator ON may atso cause an 
Overfiow Fault. (See Overtiow Mask indicator 
above.) 


This indicator is set ON swhenever the current 
instruction is interrupted by an external 
event. Tne indicator nas meaning only when 
determining the proper restart resquence’ for 
the interrupted instruction. The indicator 
is set OFF at normal termination of every 
instruction. The events that set this 
indicator are: 


(1) An Access Violation “ault during Address 
Preparation tor any operand. 


(2) Detection of the arrival of a Program 
Interrupt signal during execution of 
those EIS instructio3s that allorw very 
fong operand strings. 


This indicator is set ON only by execution an 
absolute (non-appended) transfer ciass 
instruction during a Fault or Interrupt Trap 
and is set OFF by any execution of an 
appended transfer class instructione 
However, if the Processor is not in Absolute 
Mode when the Fault or Interrupt occurs and 
the transfer ciass instruction is Return 
(RET), Return Control Joublte {(RTCD), or 


Restore Control Unit (ROU) aod the 
appropriate mode bit is properly set in the 
IR data, the Processor wil! remain in its 
current mode. 
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BASE ADORESS REGISTER (BARD 


Eormat: - 18 bits 


0 B90 iil 3 
> SRG SSR SE Rem | 
’ 3 } 
i BASE 3 BOUND Ix xxuxxuexu KeKeXXKNENMRNXKH XK XI 
a eae a 

1 


Figure 4-8 Base Address Register (BAR) Fornat 


QDescrintion’ 


An 18 bit physical register in the Control! Unit. The data is pictured in 
its normal operand position as stored by tne Store Base Address Register 
(SBAR) instruction. Bits pictured as “x” are “don*t care™ bits and are 
irrelevant to the register or its usee 


Eunction3 


The Base Address Register provides automatic hardware address relocation 
and address range limitation when the Processor is in BAR Mode. 
BAR. BASE Contains the high-order nine bits of an 18-bit address 
relocation constante The low order bits are generated 
as zerose 


BAR.SOUND Contains the unrelocated address limit stated as a 
number of 512 word blockse An attempt to access main 
store beyond this timit causes a Store Fault, Out of 


Bounds. 
TIMER REGISTER (TR? 
Eormat - 27 bits 
0 22 3 
ee emeaied - [a SE Se CEES. Re 
: 3 
3 Timer Value ix Kx xX KM KK KK! 
BR Annet SD al Seen RTE EP eee Na Ae Bye ACE IE ee CRIA eT NTR PENCE! Le Oe eT RES (| 


27 3 


Figure 4-9 Timer Register (TR) Format 
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QNescrinoiton: 


A 27 bit setable, free running clock in the Control Unite The vaiue 
Gecrements at a rate of 512 KHz. Its range is 12953125 microseconds to 
approximately &.37 minutese Bits pictured as “x” are “don*t care” bits and 
are irrelevant to the register and ifs usee 


Eunction: 


The TR may be loaded with any convenient vatue with the privileged Load 
Timer (LOT) instruction. When the value next passes th7ough zero, a Timer 
Runout Fault will be signalled. If the Processor is in Normal or BAR Mode 
with Program Interrupts not inhibited, the Fau!t will occur immediately. 
If the Processor is in Absotute or Privileged Mode or has Program 
Interrupts inhibited, the Fault wil! be delayed until tre Processor returns 
to uninhibited Normal or BAR Modee 


RING ALARM REGISTER (RALR) 


Formats - 3 bits 


pe Saar 


ix x ex KK XK KKK KKK KK KKK KX KKK KKM KK KK KK KI RALRI 
fee a ec ee ee Re oe eae SE SUREMENT I 


33 3 


Figure 4-10 Ring Alarm Register ({(RALR) Format 


Descriotion: 


A 3 bit physical register in the Appending Unit. The bits pictured as “x™ 
are “don*t care” bits and are irrelevant to the register or its usee The 
bits may have meaning with regard to other data structu*es. 


Eunctions’ 


If the Effective Ring Number (See TPR.TRR below) is greater than the 
contents of RALR an Access Violation, Ring Alarm, Faust will occur. The 
Multics supervisor uses this mechanism to assure the proper handling of 
User Ring events (such as QUITs) tnat occur while executing in the 
supervisSore 
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POINTER REGISTERS (PRn) 
Eormat: - 42 bits each 


Even Word of ITS Pointer Pair 


0 0 0 ii 3 
—2.___2.3_ atest a te 
H 8 i : 
$ RNR ?t SNR 70090000 000000xxxx x x! 
a ere ee 


3 15 18 


Odd word of ITS Pointer Pair 


0 11122 22 22 3 
Pa | eee ee ee pas om - ek | ee Re ees; ie eee SS 
H $0 0 O$(ITS~BITNDS)! 
| WORDNO Sommerer momeerrnr-'0 2 Ox x x x x ee 
i. oor —i_ai_i SIJINO 20 0 O20 dG 

18 (3) (6) 9 
2 & 3 


Figure 4-11 Pointer Register (PRn) Format 
Descnintions 


Eight ltogical combinations of phnysicai registers from the Appending Unit 
and Contro! Unit numbered 0 through 7. PRneRNR and PRn.SNR are located in 
the Appending Unit and PRn.eWORDNO, PRn.CHARe and PRn.SITNO are tocated in 
the Oecimal Unite Bits pictured as “x"™ are “don*t care” bits and are 
irrelevant to the register and its use. Bits pictured as “0" are reserved 
and must have vaiue 0. The format above shows the data from tne register 
when stored in ITS Pointer Pair format. The “x" bits dag have meaning in 
the ITS Pointer Pair format. Certain of the register data may also be 
stored in Packed Pointer formate 


The reader’s attention is directed to the double definition of bits 21-26 
of the Odd Word and to the Note under the discussion of PRn.CHAR. 


Eunction’ 


The Pointer Registers hold information relative to the tocation in main 
store of “external” data items, that is, data items external to the segnent 


containing fhe procedure being executed. The functions of the individual 
constituent registers ares 


Key Register Function 
PRne RNR The Ring Number Register contains tne maximum privilege 
level {smallest ring number) that nay be assigned to a 


process attempting to access the data item described by 
The Pointer egistere For example, if PRn.eRNR is 
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key Register 


PRne SNR 


PRnN.WOR 


DNO 


PRn. CHAR 
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NOTES 


WARNING? 


Function 


greater (Ciess privileged) than the current validation 
bevel of the process (as contained in PPR.PRR described 
below) then the Effective Ring Numbe2r for the access is 
PRneRNRe The value of PRnN~RNR is determined from 
Girectory entry information tor the segment when the 
pointer data is constructed. 


The Segment Number Register contains the segment nunber 
of the segment containing the data item described by 
Tne Pointer Register. Tne segment number is determined 
when the Segment Oescriptor Word (SOW) is constructed 
from directory entry information for tne segment. 


The Word Number register contains tye offset in machine 
words from the base or origin of t»e segment to the 
data iteme Tne value is determined when the pointer 
data is constructed from the data item description in 
the procedure. , 


The Character register contains the number of the 93-bit 
character within the machine word at PRN.WORDNO 
containing the data item. The value is determined when 
the pointer data is constructed from the data item 
description in the procedure. Word boundary aligned 
data items will always have the vaiue 0. Unaligned 
data items may have any vatiuee 


The reader*s affention is directed to the double 
definition of bits 18-26 of fhe Odd Word in tne format 
above. Because the Muitics Processor was impelemented 
as an enhancement to an exising design, certain 
apparent anomoties appear. One of these is the 
difference in the hnandling of unaligned data items by 
the Appending Unit and Decimal Unit. Tne preexisting 
Decimal Unit handles all unaligned data items with a 
S-bit cnaracter number plus bif offset with conversion 
from the description given ir tne EIS Operand 
Descriptor done automaticaliy by the hardware. The 
Appending Unit maintains compatibility with the earlier 
generation Multics Processor oy handling all unaligned 
data items with a bit offset from the prior word 
boundary; again with any necessary conversion done 
automaticatiy by the hardware. Thus» a Pointer 
Register may be loaded from an ITS Pointer Pair having 
a pure bit offset and modified by one of the EIS 
Address Register instructions (4483, S98D, efc.) using 
character displacement countse When the results of 
such a modification are stored as an ITS Pointer Pair 
with SPRIn (dr as a Packed Pointer with SPRPQp), the 
BITNO field as indicated in tne upper line of the 
format (bits 21-26) will contain a pure bit count. 
When the results are stored as an Address Register with, 


SARn the CHAR and SBITNO fietds as indicated in fhe 
lower line of tne fomat (bits 18-23) will contain the 
character number plus bit offsete 


Tne Decimal Unit has builtin hardware checks for 
ijtegal bit offset values buf the Appending Unit does 
not except for a single case for packed pointers. See 
NOTES for Load Packed Pointers (L9IRPH) in Section II, 
Machine Instuctionse 
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Key Register Eunction 


Pkn-eBITNO The Bit Number register contains the number of the bit 
within PRneCHAR of the word at P%neWORDNO containing 
the data item. Tne value is determined when the 
pointer data is constructed fom the data item 
description in the procedure. Nord and character 


boundary atigned data items wil’i aiways nave the value 
0. Unaligned data items may nave any vatue in the 
range (0.109) octale See NOTE under PRn.CHAR abovee 


PROCEDURE POINTER REGISTER (PPR) 


Formats: - 37 bits 


Word 0 of Control Unit Data 


0 060 Tit 3 
a ah ee td es ee re Se Ser eee oe 
H 3 3 3 i 
£ PRR 2 PSR mPix x xxxxxxxeeuxxxxxx xi 
a i a i ac ee ee POST EE ATE TOS 

3 15 i 17 


0 ii 3 
el | Meese Ne eee eee Lee aCe eee EES ey « See ee em eee 5 eee oy 
3 3 1 
i Ic $xxx«xexxxxxxxxxxxxxx xi 
ae Ne ie i he Se 

18 18 


Figure 4-12 Procedure Pointer Register (PPR) Format 


Descriotion: 


A logical combination of physical registers from the Appsending Unit and the 
Control! Unite PPRePRR-e PPRePSR,», and PPR.P are located in the Appending 
Unit and PRR.IC is tocated in tne Control Unit. The data is pictured as it 
appeers in main store in words 0 and & of Control Unit Jata. Bits pictured 
as “x" are “don*t care®™ bits and are irrelevant to the register or its usee 
The bits do have meaning with regard to Controt Unit Data. (See Control 
Unit Data below.) 


Eunctions 


Tne Procedure Pointer Register holds information relative to the tocation 
in main store of the procedure segment in execution and the !ocation of the 
current instruction within that segment. The functions of the individual 
constituent registers ares 
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Register 
PPRePRR 


PPRePSR 


PPR.P 


PPReIC 
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Eunction 


The Procedure Ring Register contains the number of the 
ring (validation tftevel) in which tne process is 
executing. It is set to the Effective Ring Number of 
the procedure Segment when contro! is transferred to 
the procedure. 


Tne Procedure Segment Register contains the segment 
number of the procedure being executed. Its value 
changes every time contro} is traysferred to a nen 
procedufr ee 


The Privileged bit register is a ftag controlling 
execution of oprivileged instructionse Its value is 
“41"b (permitting privileged instructions) is PPR.PRR is 
0 and the privileged bif in the Segnent Descriptor hord 
(SOW.P) for the procedure is “1"be Its value is “0O"“b 
if SOW.P is 0 or PPR.PRR is greates than 0. Its value 
is set every time a new procedure is entered. 


Tne Instruction Counter register contains the sord 


offset from the origin of the procedure segment to the 
current instruction. 
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TEMPORARY POINTER REGISTER (TPR) 


Eormat: - 4&2 bits 


Word 2 of Contro!f Unit Data 


0 0 0 i121 3 
Sma! Pere | Ses ea a ECR mm AT | go ahah a ee ae 
3 i 
1 TRR 3 TSR ixxxxxxxxxwxxue xx MX XI 
3 , 15 18 


Word 3 of Control Unit Oata 


0 23 3 
Fo | Rear tee a ee Sea ELS. NO | ae eee, ae 
3 : } 1 
ixxxxxxxexxXxxKexXxKXKeNeKeHeMRKeKeK KH KKH KK KK KX? TBR 3 
, ae eae EERE SA CET 

30 6 


Word 5S of Control Unit Data 


c ii 3 
a a a a ee 
| 3 Hy 
H CA ix xxxxxexexxxxexxx«xxXx x xX x} 


poe nee ee eR ne eT SPE oe aces AP Eee SeeteRea eRe er Spear een eee ee 1 
i8 18 


Figure 4-13 Temporary Pointer Register (TPR) Sormat 


Description: 


A logical combination of physical registers from tne Apsending Unit and the 
Control Unite TPReTRRs TPReTSRe and TPR.TBR are located in the Appending 
Unit and TPReCA is iocated in the Control Unite Tne data is pictured as if 
appears in main store in Words 2, 3, and 5S of Cont~o! Unit Data. Bits 
pictured as “x™ are “don*t care” bits and are irretevant to the register or 
its usee The bits do have meaning with regard to Contra! Unit Data. (See 
Control Unit Data belowe) 


Eunction’ . 


The Temporary Pointer Register holds information relative to tne location 
in main store of indirect words and pointers (during address preparation) 
and operands (during instruction execution). At the completion of address 
preparations, the contents of the IPR is presented to the Appending Unit 
Associative Memory Assemblies for translation into tne final 24-bit main 
store addressee Tne functions of the individual constituent registers ares 
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Register Eunction 


TPReTRR Tne Jemporary Ring Register contains the Effective Ring 
Number for the data accesse If the access is to the 
procedure segment, TPR.TRR is set to PPRePRR$ if the 
access invokes a Pointer Registe, TPReTRR is set fo 
the targer of PRneRNR and PPR.PRR. 


TPReTSR Tne Temporary Segment Register contains the segment 
number of the segment to be accessed. 


TPR.TBR Tne Jemporary Bit Register no!lds tne bit offset tor 
indirect words or pointers (during address preparation) 
or operands (during instruction execution). Its value 
is calcuiated during address preparation from the 
contents of PRN.CHAR and PR1.3ITNO and other 
information provided by the Address Modification 
specified for tne instructione See PRneCHAR and 
PRneBITNO above for further detail. 


TPReCA The Computed Address register contains the word offset 
of indirect words or pointers (during adddress 
preparation) or operands (during instruction 


executionde 


DESCRIPTOR SEGMENT BASE REGISTER (OSB3ReDBR)D 


Formats - 51 bits 


* 


Even Word of Y-pair 


} 22 3 
Ga a a et a ee a eee ERR 
H i H 
i ADOR {9000900090900 06 83 
a Ie a a as eS a Sn 

24 12 
Odd Word of Y-pair 

0 0 11 i112 22 3 
pe ip Geta CR aeiee Ne reine Nat eRe SEPM NT Seek” (Gal | SERENE Ne, See eNotes ee ae en cn ER 
ae | 3 i 3 H : 
102 ; BND '0 0 0 Diuto O DB Di ; STACK ! 
a he 

1 14: 4 1 & 12 


Figure 4-14 Descriptor Segment Sase Register (DSBR,IBR) Format 
Description: 


A loyical combination of various Appending Unit registers. The data is 
pictured in the format expected by the Load Descriptor 3ase Register (LOBR) 
and Store Descriptor Base Register (SD8R) instructions. B3its pictured as 
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“oe 


Eunction’ 


The Descriptor 


are reserved and must have the vaiue 0. 


Segment Base Register contains information concerning the 


Descriptor Segment for a process. The Descriptor Segment holds the Segment 
Descriptor Words (SDOWs) for alt segments accessible by the process. The 
functions of its individual constituent registers ares 


Register 
DSBReADDR 


OSBReBND 


OSBReU 


OSBReSTACK 
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Eunction 


The interpretation of tne ADDRress segister depends on 
the vaiue of DSBReUe 


Eor ODS8R,ADDR contains 


U=0 The 24-bit main store address of the Page Table 
for tne Descriptor Segmente 


U=i The 24-bit main store address of the Descriptor 
Segmente 


The BouNQ register contains 14 most significant bits of 
tne highest 16 word block of the Descriptor Segnent 
that can be addressed without causing an Access 
Violation, 


The Y register is a ftag specifying whether’ the 
descriptor segment is unpaged (U = 1) or paged (U = 0). 


The STACK register contains tne uppar 12 bits of the 
15-bit stack base segment number. It is used onty 
during the execution of the CALL6 instruction. (The 
Segment Number of fhe Stack Segment for a running 
process is given by 8 * DSBReSTACK # PPR.PRR.) 
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SEGMENT DESCRIPTOR WORD ASSOCIATIVE MEMORY (SOWAM) 


Eormat: - 85 bits each 


Even Word of Y-nairs as stored by Store Segment Descriptor Registers (SSD) 


0 e:'2 2:2 2 3 3 3 3 
1 
3 H : ! 
3 : ADOR £ RL t 22 37 R310 0 9! 
Oe Aaa aS acer ed 

24 3 3 3 3 


Odd word of Y-pairs as stored by Store Segment Descriptor Registers (SSDR) 


3 3 555555555 7 
ak EY cones eee SS 
tt prorat : ! 
10% BOUND tRIEIWEPIUIGIC! CL i 
a wn ee ee 
1 412141111 14 


Data as stored by Store Segment Descriptor Pointers (SSDP) 


bd ii 222 3 3 3 
a hn MT go ee 
q i 3 3 H H 
i POINTER 70 0060609098 900 0 0 OtF30 0 0 Gt USE : 
eee pee A Ba ee as asa a 

15 12 1 & & 


Figure 4-15 Segment Descriptor Word Associative Memory (SOWAM) Format 


Descriptions 


Sixteen logical combinations of registers and flags from the Appending Unit 
comprising the Segment Descriptor Word Associative Memory Assembly. The 
registers are numbered from 0 through 15 but are not directiy addressable 
by number. Bits pictured as "0" are reserved and nust nave the value 0. 


Eunctions 


Hardware segmentation in the Multics Processor is implemented by the 
Appending Unit (See Section V,. Address -- Segmentation and Paging for 
details). In order to pernit addressing by Segment Numoer and offsef as 
prepared in the Temporary Pointer Register (described above), a table 
containing the location and status of each accessible segment must be kepfe 
Tnis table is the Descriptor Segment and is unique to fhe processe The 
Descriptor Segment for a running process is located by information held in 
tne Descriptor Segment Base Register (DSBR) described asove. 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 &-18 AL39 


Every time an Effective Segment Number (TPR.TSR) is preoared, it is used as 
an index into the Descriptor Segment to retrieve the Segment Oescriptor 
Word (SDW) for the target segment. To reduce the %umber of main store 
references required for segment addressing, tne SOWAM provides 2 content 
addressable store to hold the sixteen most recentiy referenced SOWs. 


Whenever a reference to the SOW for a segment is required, the Ef fective 
Segment Number (TPReTSR) is matched associatively against atl 16 
SOWAM-ePOINTER registers (described below). If tne SOWAM match fogic 
circuitry indicates a “hit™, af! usage counts (SDOWAM.US®) greater than the 
usage count of the “nit“ register are decremented by one, the usage count 
of the “nit™ register is set to 15, and the contents of the “nit* register 
are read out into the address preparation circuitry as necesary.e. If the 
SOWAM match ftogic does not indicate a “hit™", the SOW is fetched from amain 
store and loaded into the SOWAM register with usage count 0 (the “oldest*), 
all usage counts are decremented by one with the nauly toaded register 
rolling over from 0 fo 15s and tne newly foaded registe~ is read out into 
the address preparation circuitry as necessarye Faulted SDOWs are loaded 
into the SDWAM. 


The functions of the constituent registers and fiags of each SOWAM register 


ares 
Register Eunc tion 
SDWAM.ADOR The interpretation of tne ADDRress scegister depends on 
the value of SDWAM.U.s— 
For SDWAM ADDR contains 
. U=0 The 24-bit main store address of the Page Table 
for the target segment. 
UV=1 The 24-bit main store address of the target 
segmente 
SOWAM.R1 Upper limit of read/write Ring Bracket. (See Section 
VIIIs Hardware Ring Implementation) 
SDWAM.R2 Upper limit of read/execute Ring Bracket. (See Section 
VIII, Hardware Ring Implementation) 
< SDWAMeR3Z Upper limit of call Ring Brackete. (See Section VIII, 
Hardware Ring Implementation) 
SDOWAM. BOUND The upper limit of segment addresses stated as a number 
of 16 word blocks. A Segment address (TPR.CA) with a 
block address larger than this. value wilt cause an 
Access Violations, Gut of Segment Bounds, Fault. 
SBDWAM.R Read permission bit. If this bit is set ON, read 
access requests may be honored. 
e 
SOWAMN.E Execute permission bite. If this bit is set ON, the SDH 
may be loaded into tne Procedure Pointer Register (PPR) 
and control transfered to the segment tor exectuione 
SOWAN.W Write permission bit. If this bit is set ON, write 
access requests may be honored. 
SOWAM.P Privileged fiag bit. If this bit is set ON, privileged 


instructions from the segment may be executed if 
PPR.PRR is O64 
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Register 
SDWAM.U 


SDWAM.G 


SOWAMN.C 


SOWAM.CL 


SDWAM.POINTER 


SOWAM.F 


SDWAM.USE 
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Eunction 


Unpaged fiag bite If this bit is sat ON, the segment 
is unpaged and SDWAM.ADDR is fre 24-bit main store 
address of fhe base of the segment. If this bit is set 
OFF, the segment is paged and SOWAM.ADOR is the 24-bit 
address the array of Page Table Words (PTWs) for the 
segment. 


Gate control bite If this bit is sat ON, calls into 
the segment must be to an offset no greater than the 
vatue of SOWAM.CL as described below. 


Cache contro! bite If this bit is set ON, data from 
the segment may be placed in the cache sforee 


Cait Limiter valtuee If tne segment is gated (SODWAM.G 
set ON), transfers of control into the segment must be 
to segment addresses no greater than this valuee 


The Effective Segment Number used to fetch this SOW 
from main storee 


Eull/empty bite If this bit is set ON, fhe SDW in the 
register is valid. If this bit is get OFF, a “hit™ is 
not possiblee Ait! SDWAM.F bits are set OFF by the 
instructions that clear the SDWAM. 


USagE count for the register. Tne SOWAM.USE field is 
used to maintain a strict FIFO queue order among the 
SOWSe When an SOW is matched its USE value is set to 
15 ("newest") and the queve is reordered. SOWs newly 
fetched from main store reptace the SOW with USE value 
0 {"oldest™) and the queve is reordered. SOWAM.USE is 
set the internal (and invisible) SOAAM register number 
by instructions that clear the SDWAY. 
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PAGE TABLE WORD ASSOCIATIVE HENDRY IPT Ran 


format: - 51 bits each 


Data as stored by Store Page Table Registers (SPTR) 


0 ii 22 3 3 
a ee et a a a a ee 
i Hy | H 
3 ADOR 10 00900000 00 0:410 000 0 Of 
5 Sane a eereeeme ene ae es i ot Eee eee F 

18 ii 1 6 


Data as stored by Store Page Table Pointers (SPTP) 


i) 11 222 3 3 3 
2 eee i i 
: i 13 H 3 
i POINTER 3 PAGENO 3F20 0 0 02 USE 3 
i a a 

15 12 1 4 4 


Figure 4-16 Page Table Word Associative Memory (PTWAM) Format 
Descriotion: 


Sixteen ftogical combinations of registers and fiags from the Appending Unit 
comprising the Page Tabdle Word Associative Memory Assenbly. The registers 
are numbered from 0 through 15 but are not directiy add*essable by number. 
Bits pictured as “9" are reserved and musf have the value 0. 


Eunction’ 


Hardware paging in the Muttics Processor is impiemented by the Appending 
Unit (See Section Vs» Address -- Segmentation and Paging for detailsde In 
order to permit segment addressing pny Page Number and page offset as 
derived from the Effective Address prepared in the Temporary Pointer 
Register (TPR.CA described above)e a tabie containing the location and 
status of each page of an accessible segment must be keot. This table is 
tne Page Tabdie Word Array (PTWA) for the segment that is tocated in the 
System Segment Table (SST) (a supervisory ring 0 data base) and is Sharable 
by all processes. Tne PTWA for an accessible paged segnent is tocated by 
intormation heid in the Segment Descriptor Word (SDW) for the segment. 


Every time an Effective Address (TPR.CA) for a paged segment is prepared, 
it is separated into a Page Number and a page offset. Fne Page Number is 
used as an index into the Page Table Word Array to retrieve the Page Table 
Word (PTW) for the target page. To reduce the numoser of main store 
references required for paging, the PTWAM provides a content addressabie 
store to hold the sixteen most recently referenced PIWs. 


Whenever a reference to the PTW for a page of a paged segment is required, 
the Page Number (as derived from TPReCA) is matched associatively against 
all 16 PITWAM4.PASEND registers (described below) ard, simultaneously, 
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TPReTSR is matched against PTWAM.~POINTER (described below). If tne PTWAMN 
match togic circuitry indicates a “nit, afl usage counts (PTWAM.USE) 
greater than tne usage count of the “hit™ register are decremented by on@, 
tne usage count of the “nit” register is set to 15, and tne contents of the 
“nit™ register are read out into the address preparation circuitry as 
necesar ye If tne PTWAM match logic does not indicate a “nit™", the PTW is 
fetched from main store and loaded into the PTWAM register with usage count 
0 (the “oldest"), all usage counts are decremented by one with the newly 
loaded register rolling over from 0 to 155 and the nenly ftoaded register is 
read out into the address preparation circuitry as necessary. Fauited FIWs 
are not loaded into the PTWAM. 


The functions of the constituent registers and fiags of each PTIWAM register 


ares 
Register Function 
PTWAM.ADOR The ADQRess register holds the 18 most significant bits 
of the 24-bit main store address of the pagee The 
hardware ignores low order bits of the page address 
according to page size based on the following eee 
Page Size ADOR 3its 
in words ignored 
64 none 
128 17 
256 16-17 
5i2 15-17 
1024 14-17 
2048 13-17 
ps 4096 12-17 
PI WAM.M Page Modified flag bite This bit is set ON whenever 


the PTW is used for a store type instruction. When the 
bit changes value from 0 to i, a Special! extra cycte is 
generated to write it back into the PTW in the PTWA. 


PTWAM.POINTER The Effective Segment Number used to fetch this PTH 
from main store. 


PTWAM.PAGENO Tne 12 most significant bits of the 18-bit Effective 
Address (TPR.CA) used to fetch this PTW from main 
storee Low order bits are forced to zero by the 
nardmare and not used as opart of the PTWA incex 
according to page size based on the following ees 


Page Size PAGEND bits 
in words forced 
6% none 
128 11 
256 10-11 
512 09-11 
1024 08-11 
2048 07-11 
4096 06-11 
PTWAM.F Eull/empty bit. If this bit is set ON, the PTW in the 


register is valide If this bit is set OFF, a “hit™ is 
not possinle.e. Alsi PTWAM.F Dits are set OFF by the 
instructions that clear tne PTWAM. 


PTWAM.USE YSagE count for fhe reyjister. The 2>TWAM.USE fieid is 
used to maintain a strict FIFO qsueve order among the 
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Register Eunction 


PTWse When an PIW is matched its USE vaiue is set to 
15 (“newest™) and the queue is reordered. PTWS newly 
fetched from main store reptace the PTW witn USE vatue 
0 C"oldest") and the queve is reordered. PIWAM.USE is 
set the internai (and invisible) PTAAM register number 
by instructions that clear the PTWA. 


FAULT REGISTER 
Eormats - 35 bits 


Data as stored by Store Central Processor Register (SCPR), TAG = O01, 
instruction 


oo00gcg 0oO00000148 221241411 1 2 2 < a2 3333 3 


~0.4.2.53.4 5.6 7.8.9 04 2 5% 9 ee ee 
a ee re ee 


tatbicidielfigthtitjyitkibimintoio0! IAA & TAB IAC TAD Iptqirisi 


Seige Oar Tac sr GE Ce TS pencmseren eos (eet eee Sat 
268. Dodo de die 2d ee ee st 4 411211 


Figure 4-17 Fault Register Format 
Descrintion;? 


A logical combination of flags and registers ali flocated in tne Control 
Unite Tne register is stored and cleared by the SCPR {tag 01) command. 
Note that the data is stored into tne word pair at location Y and that fhe 
contents of Yti are cleared. Tne Fault Register cannot be toaded. 


Eunctions 


The Fault Register contains the conditions in the Processor for several of 
the hardware faults. Data is strobed into the Fault Register during a 
fault sequence. Once a bit or field in tne Fault Register nas been set, it 
remains set until the register is cleared. The data will not be 
overwritten during subsequent fault events. 


The reader's attention is directed to another apparent anomoly in the 
design of tne Multics Processor as an enhancement fo an existing designe 
It will be noted that the Fault Register records events from only ports A 
through Oe. Tnese four ports are the timit of connectability of fhe 


existing design and, since ali eight ports are reported in Control Unit 
Data (described below), no change was made in the Faslt Register for fhe 


added ports. Data reported for ports A through D are vatid in both 
locations. 


The functions of the constituent flags and registers are 
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key Register 
a Itt oP 
b Itt MoD 
e Itt Stiv 


e NEM 
f 0ooB 
g WRT INH 


h PROC PARU 


i PROC PARL 
} $CON A 
k $CON B 
1 $CcON 
m $CON D 
nh ODA ERRL 

o DA ERR2 

‘IAA 

IAB 

IAC 

IAD 


p CPAR DIR 


q CPAR STR 


r CPAR IA 


s CPAR BLK 
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Function 

An illegal operation code has been detected. 

An iflegal Address Modifier has beer detected. 

An iltegal BAR Mode procedure has been encountered. 


An ilfegal procedure other than 3AR Mode nas been 
encountered. 


A nonexistant main store address has been requested. 
A BAR Mode poundary violation has occured. 


An illegal decimal digit has beer detected by the 
Decimal Unit. (Fiag name is obsolete) 


A parity error has been detected in the upper 36 bits 
of datae 


A parity error has dtected in the fYower 36 bits of 
data. 


A SCONNECT signal has been received through port A. 
A $CONNECT signal has been received through port 8B. 
A SCONNECT signai has been received through port C. 
A SCONNECT signal has been received through port De. 


CPU/SCU interface sequence error i has been detected. 
(SDATA-AVAIL received with no prior SINTERRUPT sent.) 


CPU/SCU interface sequence error 2 nas been detected. 
(Multiple SDATA-AVAIL received or sDATA-AVAIL received 
out of order.) 

Coded Iiliegal Action, Port Aw (See Tabie 4-2 below) 
Coded Illegal Action, Port Be (See TFabie 4-2 below) 
Coded [!tegal Action, Port Ce (See Table 4&2 below) 
Coded Itf’egal Action, Port De. (See Table 4-2 below) 


A parity error has been detected in the cache sfore 
directorye 


A data parity error has been detected in the cache 
store. 


An Illegal Action has been received from an SCU during 


a store operatione 


A cache parity error Nas occured duting a cache store 
data block load. 
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Table &-2 System Controller LTilegal Action Codes 


Processor 
Code Priority Fault Reasen 
00 No iflegat action 
01 CMO Unassigned 
02 5 STR Nonexistent address 
03 1 CMD Stop on condition 
04% CMO Unassigned 
05 12 PAR Oata parity, store to SSU 
06 11 PAR Data parity in store 
07 10 PAR Data parity in store and store to SCU 
10 4 Cm9 Not control 
41 13 CMD Port not enapbied 
12 3 CMD Tilegal command 
13 7 STR Store not ready 
14 2 PAR ZAC parity, CPU to SCU 
15 6 PAR Data parity, CPU fo SCU 
16 8 PAR ZAC parity, SCU to store 
17 9 PAR Data parity, SCU to store 
MODE REGISTER 


Eormats - 33 bits 


Even word of Y-pair as stored by Store Centrai Processor 2egister (SCPR), TAG 
= 06. instruction 


D t1112112222222222333333 
sa LG 8 ee 6 88 ee 
: 11a OPCODE ke ee 
: FFV 10 faibi-------- mann nnn anni IKEEImiO Otnt 
f Se eee Sa eee eee Say Gee A > 8 Pe” Ms Uc ee | ee) Go ae OO My We La Cee 
iS 111 wiitiriiait 21 


i1a1i1 2 2 2 
Figure 4-18 Mode Register (MR) Format 
Description? 


A togical assemblage of flags and registers from the Controi Unite The 


Mode Register and tne Cache Mode Register are both stored into the Ye-nair 
by tne SCPR, TAG = O06, instructione Tne Mode Registe is loaded with the 
Load Central Processor Register (LCPR), Tag = 04 instruction. Bits 
pictured as “0" are reserved and must have the value 0. 


Tne functions of the constituent flags and registers ares 
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Key Register 


FFV 


OC TRAP 


ADR TRAP 


OPCODE 
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Function 


A “floating fault vector” address. The 15 most 
Significant bits of the Y-biock8 address of four word 
Pairs constituting a “floating fault vector”. Traps to 
these floating fauits are senerated by other conditions 
setable by the mode registere 


Trap on OPCODE matche [If this bit is set ON and OPCODE 
matches the operation code of the instruction for which 
an address is being prepared (including indirect 
cycles), generate the second floating fault (XED 
FFV+2). (See NOTE below) 


Trap on ADDRESS matcne I[f this bit is set ON and the 
Computed Address {(TPR.CA) matches the setting of the 
Address Switches on the Processor Maintenence panel, 
generate the fourth fioating fault (XED FFV+6). (See 
NOTE betow) 


Tne operation code on which to trap if OC TRAP (bit 16, 
key a) is set ON or for which to strobe all Cu cycles 
into the CU History Registers if O0.CS¢ (bit 29, key j) 
is set ON 


er 


Processor conditions codes as follows if OC TRAP (bit 
16, key a) and O.CSé (bit 29, key )} are set OFF and é 
VOLTAGE (bit 32, key m) is set ONe 


Key Llondition 

c Set Control Unit Overiap Inhibit if set ON. The 
Control Unit shalt wait for the operations Unit to 
compiete execution of the even instruction of the 
current instruction pair before it begins address 
preparation for tne associated odd instructione 
The Control Unit shali atss wait for the 
Operations Unit to complete execution of the odd 
instruction before it fetches the next instruction 
Paifre 


d Set Store Overlap Inhibit if s2t ONe The Control 
Unit shall wait for completion of a current main 
store fetch (read cycles only) before requesting a 
main store access for another fetche 


e Set Store Incorrect Data Parity if set ON. The 
Control! Unit shal! cause incorrect data parity to 
be sent to the SCu for the next data store 
instruction and then snall reset bit 20. 


f Set Store Incorrect ZAC Parity if Set ON. The 


Control Unit shall cause incorrect 
Zone-Address-Command (ZAC) parity to be sent to 
tne SCU for each main Store cycle of the next data 
store instruction and shall reset bit 21 at fhe 
end of the instructione 


9 Set Timing Margins if set ONe If € VOLT (bit 32, 
key m) is set ON and the Margin Control switch on 
tne Processor Maintenance panel is in PROG 
position, set Processor timing margins as follows. 
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Key Register 


~3 


k 


n 


Q.C$¢é¢ 


STROBE ¢€ 


FAULT RESET 


@ VOLT 


MR ENABLE 
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Eunction 
Key Condition 
2233 macgino 


0,0 norma | 
O51 slow 
1,0 normal 
Loi fast 


Nn Set +5 Voitage Margins if set IN. If @ VOLT (dit 
32,5 Key m) is set ON and the Margin Control! switch 
on the Processor Maintenance oanel is in the PROG 
position, set +5 voltage margins as follows. 


24225 macain 


0,0 normal 
1 low 

1,0 high 
Lei norma! 


Trap on Control! Unit History Register count overftow if 
set ON. If this bit and STROBE @€ (sit 30, key k) are 
set ON and the Control! Unit History Register counter 
everflows, generate the third floating fault (XED 
FFV+4). Further, if FAULT RESET (bit 31,5 key 1) is 
set, reset STROBE ¢ (bit 30, key kk), locking the 
history registers. An LCPR, TAS = O04, instruction 
setting bit 28 ON will reset the Control Unit History 
Register counter to zeroe (See NOTE below) 


Strobe Control Unit History Registers on OPCODE match. 
If this bit and STROBE ¢ (bit 30, key kK) are set ON and 
the operation code of fhe current instruction matches 
OPCODE, strdébe the Control Unit History Registers on 
ali Contro! Unit cycies (including indirect cycles). 


Enable history registers. If tnis vit is set ON, ail 
history registers are strobed at appropriate points in 
the various Processor cycies. [f tris bit is set OFF 
or MR ENABLE (bit 35, key n) is set OFF, al! history 
registers are tocked. This dit iS set OFF with an 
LCPR, TAG = O4, instruction providing a “zero™ bits by 
an Op Not Complete Fautf, ande conditionaliys, by other 
faults (See FAULT RESET (bit 31. key |) below). Once 
set OFF, this bit must be set ON with an LCPR, TAG = 
G4, instruction providing a “one” bit before the 
nistory registers again become active. 


History register lock controt. If this bit is set ON, 
set STROBE ¢ (bit 30, key kK) OFF, ftocking the higtory 
registers, for att faults including the tloating 
faults. (See NOTE below) 


Test mode indicator. This bit is set ON whenever’ the 
Test/Normai switch on the Processor Maintenance panel 
is in Test position and is set OFF ofherwise. If serves 
fo enable the program control of Voltage and Timing 
Marginse 


Enabjie mode register. When this bit is set ON, aft 
other bits and controls of tne mode register are 
active. When tnis bit is set OFF, the mode register 
controis are disabled. 
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NOTE3 The traps described above (Address match, OPCODE match, Control Unit 
History Register counter overflow) occur after cospletion of the next 
egg instruction fottiowing their detectione They a~e nandled as Group 
VII faults in regard to servicing and inhibition. Tne comptete Group 
VII priority sequence ISeece 


1 - con 

2 - tro 

3 - sdf 

& - OPCODE trap 

5 - Control Unit History Register counte~ overflow 
6 ~ Address match trap 

7 - External interrupts 


CACHE MODE REGISTER (CMR) 
poenate = 28 bits 


Odd word of Y-pair as stored by Store Central Processor Register {SCPR), TAG 
= 06, instruction 


3 555555 55 55 66 6 6 § 67 7 
NO ee oe ee SS 
3 $3 @& d & £ & & € td 8 3 i H 
3 CACHE DIR ADDRESS JaibsOicidierfldiginhiit } $0 090 00 O08 k } 
f eae Spee ar ee OW Ee © GS ES 
bg 15 it1i 2122122221221 2 2 
Figure 4-19 Cache Mode Register (CMR) Format 
Description: 


A fogical assemblage of flags and registers from the control unit. The 
Mode Register and Cache Mode Register are both stored into the Y-pair by 
the SCPR, TAG = 064 instruction. 


The Cacne Mode Register data stored is address dependent. The aigorithm 
used to map main store into the cache store (See Section XX, Cache Store) 
is effective for the SCPR instruction. In general, tne user may read out 
data from the directory entry for any cache block by proper selection of 
certain subfields of the final 24-bit main store addressee In particular, 
the user may read out the directory entry for the cache btock involved in a 
suspected cache error by assuring that tne required 24-bit final address 
subfields are the same as those for the access which produced the suspected 
errofe 


WARNINGS Tne user is warned that the fault handling procedurefs) should be 
unencachable (SOWeC = 9) and fthnat the HiStory Registers and cache 
should be disabled as aquickiy as possible in order that vital 
infomation concerning the suspected error not be losfe 


The Cacne Mode Register is loaded with the Load Centrai Procesor Register 
(LCPR). TAG = QO2, instructione Those items with an “x” in the cotfumn 
neaded {| are not toaded with the LCPR instruction. Bits pictured as 0" 
are reserved and must have the value 0. 


REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 4-28 AL39 


The 


key 
a x 
b&b x 
c 

d 

e 

f 

e 

9g 
h xX 
ix 
j x 
kK 


tunctions of the constituent flags and registers ares 


L Register 


x CACHE DIR 


ADDRESS 
PAR BIT 
LEV FUL 
CSH1i ON 
CSH2 ON 
OPND ON 
INST ON 


CSH REG 


STR ASD 


COL FUL 
RRO AyB 


LUF MSB,LSB 


Eunction 


15 most significant bits of tne olock address from 
the cache directory 


Cache directory parity error on this read out 

The setected column and fevel is ftoaded with active data 
Enable tne upper 1024 words of the cache 

Enable the flower 1024 words of the cashe 

Enable the cache for operands 

Enable the cache for instructions 


Enable cache-to-register (dump) node 

When this bit is set ON, double precision Operations Unit 
eperands. (ee9e, tLDAQ operands) are read from the cache 
according to the mapping aigorithnm and without regard to 
matching of the full) final address. Aili other operands 
address main store as though the cazshe were disabled. 
Tnis bit is reset automatically by the nardware for any 
Fauit or Program Interrupt. 


Enable store aside 

When this bit is set ON, the Processo* does not wait for 
main store cycle completion after a store operation but 
proceeds after tne cache cycle is comatete. 


Selected cache cotumn is full 
Cache round robin counter 
Lockup timer setting 


Tne Lockup Timer may set fo four different vaiues 
according to the setting of this field. 


LUF Lockup 
Value Lime 
0 2 MSe 
i & MSe 
2 8 MSe 
3 16 MSe 


The Lockup Timer is set to 16 mse wren the Processor is 
initialized. 


CONTROL UNIT (CU) HISTORY REGISTERS 


Eormat? - 72 bits each 


Even word as stored by Store Centra) Processor Register (SCPR), Tag = 20, 
instruction 
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oog0co0O0DC0O0DL1L21214121412411 


21.2 5.4 5.6 7 8.9.0 1.2 3.4 5 6 7 8 
Pept prrpr rere te trrerays 


died 3 

latbiciditeitiginhtit)tkilimintolpiaqiri OPCODE mxaPt TAG H 

y Glne Hite eke [Bey Sn ay Re Ne Ory ee Cs ce ae Mm: ee So a [i Sy mee | 
Tirvztirvrirztirztiairtraitrtaraiirirarin 10 1 i 6 


Odd word as stored by Store Central Processor register (SCPR), TAG = 20, 
instruction 


0 1i 22 22 33 3 
2) ESrene er eee eee eee ene Se tenes AT aac ars ar Oa a Ta | 
3 re i ee ee | 
: ADDRESS : CMD ; SEL beit tut vin betytz 101 
te ee eS Siti jit 

18 4 it 1 12122121 


Figure 4-20 Control Unit (CU) History Register Format 
Description? 


Sixteen togical combinations of fiags and registers from the Control Unite 
The sixteen registers are handied as a rotating quese controlled by the 
Control Unit History Register counter. The counter is always set to the 
number of the oldest entry and advances by one for each history register 
reference (data entry or SCPR). True multicycie instructions {such as 
“tipris ireg, rcu, etce) will have an entry for each of treir cycles. 


Functions 


A Controt Unit History Register entry shows the conditions at tne end of 
the Control Unit cycle to which it applies. Tne sixteen registers will 
hoid the conditions for the tast sixteen Control Unit cycles. Entries are 
made according to controls set in tne Mode Register. (See Mode Register 
above) 


The meanings of the constituent fiags and registers are: 


Key Flaq Name Meaning 
a PIA prepare instruction address 
b POA prepare operand address 
c RIW request indirect word 
gd SIW restor indirect word 
e por prepare operand tally (indirect tally chain) 
f PON prepare operand notally Cas for POT except no chain) 
g RAW request read-alter-rewrite word 
fh SAW restore read-alter-rewrite word 
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key Elag Name 


1 TRGO 
1 xXDE 
k x00 
§ Ic 
m RPTS 
n wi 
o AR F/E 
o XIP 
a FLT 
r BASE 
OPCODE 
I 
p 
TAG 
. 
ADDRESS 
CmD 
SEL 
selected) 
Ss XEC-INT 
t INS-FETCH 
us CU-STORE 
vo OU-STORE 
w CU-LOAD 
x OU-LOAD 
y OZRECT 
z Pc-BUSY 
* BUSY 


REVIEW ORAFT 
SUBJECT TO CHANGE 
October, i975 


Meaning 
transfer GO (conditions met) 
execute XED from even IC 
execute XED from odd IC 
execute odd instruction of the current pair 
execute a repeat operation 
wait for instruction fetch 
1 = Computed Address (TPR.CA) has valid data 
NOT prepare Program Interrupt address 
NOT prepare Fault address 
NOT BAR mode 
current operation code 
Program Interrupt inhibit bit 
Pointer register flag bit 
Currrent address modifier 
This nodifier is replaced by the contents of the TAG 
fields of indirect words as they are fetched during 
indirect chainse 
Current Computed Address (TPReCA) 


SCU command 


Port select bits. (Valid only if Port A through 0 is 


A Program Interrupt is present 
Perform an instruction fetch 
Contro!i Unit store cycle 
Operatons Unit store cycle 
Contro! Unit load cycte 
Operations Unit load cycle 


direct cycle 


Port control logic not busy 


Port interface busy 
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OPERATIONS UNIT (OU) HISTORY REGISTERS 
Eecmat: - 72 bits each 


Even word as stored by Store central Processor Regsiter (SCPR)I,TAG = 40, 
instruction 


0 oo01221212121211 22 3 
Fa | SER eRe Rem pea IO. A AN | ake) WEry <SER MEL. TA Fk « Yd Ane . eee ROOT - SY CRN ERISE TO eee ee REO NT: ae 
1 RP REG 24 PTTL TE EES 
{ ----------------- === + --- 0) RS REG felfigihsityikitims 
raeselie a ices Sa GRAAL SY GE, ILS RE Bee ke ec Soe ieee ae Re 
91 9111111111 


Qdd word as stored by Store Central Processor Register (SCPR), TAG = 4D, 


instruction 
Cocogcdg00 0902121221 141 ii 3 
PE Sates Aa Yo. Si eh MGR» > Seek,' D> Se i Se CO SON ema ea Le 
$b: td tortlrltlt_y_tici_i_s H H 
intotpiqtir [AIQ2I081LI!2f]I3I4ISI6I73I0 O B3 ICT TRACKER .. 
f deers See ae BAe Eee ee aS Re A Ma ee eae ene I ee A  Ccr ON ee ree rg ee ee a SCL eR 
T2121 112212iU21i22 41221 3 18 


Figure 4-21 Operations Unit (0U) History Register Format 


Descriotion: 


Sixteen logical combinations of flags and registers from the Onerations 
Unit and Control Unit. The sixteen registers are handled as a rotating 
queue controlled by the Operations Unit History Register counter. The 
counter is always set to the number of the oldest entry and advances by one 
for each history register reference (data entry or SCPR). 


Eunctions’ 


An Operations Unit History Register entry shows the conditions at the end 
of the Operations Unit cycle to which it applies. Tne sixteen registers 
will hotd the conditions for the last sixteen Operations Unit cycles. 
Entries are made accorcing to controls set in the Mode Register. (See Mode 
Register above) 


Tne meanings of the constifuent flags and registers ares 


Key Elag Name Meaning 


RP REG Primary Operations Unit operation register 
RP REG receives the instruction operation code and 
other data from the Controi Unit during tne Control 
Unit instruction cycle while the Operations Unit may be 
be busy with a prior operatione RP REG is further 
sub-sfructured aS eee 
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key Elaag Name 
OP CODE 


a 9 CHAR 


b TAG1L,2,3 


c CR FLG 
qd OK FLG 
EAC 

RS REG 


e RBi FULL 


f RP FULL 

g9 RS FULL 
” fh GIN 

i GOS 

3 GDL 

k GD2 

i GOE 

m GOA 

n GOM 

o GON 

p GOF 

q STR OP 

t DA-AV 

A A-REG 

Q Q-REG 

0 X0-RG 

1 X4-RG 

2 X2-RG 
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Meaning 

The 9 most significant bits of tne operation code _ § (for 
the instruction. Note that basic (non EIS) operations 
do not involve bit 27 hence tne 9 bit field is 
sufficient to define the operation code. 

Character size for Indirect Tnen Tatty moditiers 

0 = 66-bit 

1 = 99-bit 

Tne 3 least significant bits of the modifier of the 
instruction. This field may contain a character 
position for an Indirect Then Taltity character modifier. 
Character operation flag 

Direct operation flag 

Effective address counter for LREG/SREG instructions 
Secondary Operations Unit operation register 

OP CODE is moved from RP REG to RS REG during the 
operand fetch and is heid until completion of the 
instructione 

OP CODE buffer full 

RP REG fuil 

RS REG full 

First cycle for ali Operations Unit operations 

Second cycte for Operations Unit multi-ops 

First divide cycte 

Second divide cycie 

Exponent compare cycle 

Mantissa alignment cycie 

General Operations Unit cyctfe 

Normalize cycie 

Final Operations Unit cycie 


Operations Unit store data available 


Data not available 


A register not in use 
Q register not is use 
x0 not in use 
Xi not in use 


X2 not in use 
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key Elaqg Name Meaning 


3 X3-RG X3 not in use 
4 X4-RG XG not in use 
5 X5-RG XS not in use 
6 X6-RG X6 not in use 
7 X7-RG X7 not in use 
ICT TRACKER The current value of the Instruction Counter (PPR.IC). 


Since the Control Unit and Ovserations Unit run 
asynchronously and overtagp is usually enabled, the 
value of ICT TRACKER may not be the address of the 
Operations Unit instruction currently being executed. 


DECIMAL UNIT (OU) HISTORY REGISTERS 


Eormats - 72 bits each 


Deciwralt Unit History Register data is stored witn the Store Central 
Processor Register {SCPR), TAG = 60, instructione No Format diagram is 
given because the data is defined as individual bits. 


Oescfinptions 


Sixteen logical combinations of fiags from the Decimal Unite The sixteen 
registers are handied as a rotating queve controlied by the Decimal Unit 
History Register counter. The counter is always set to the number of the 
oldest entry and advances by one for each history register reference (data 
entry or SCPR). 


The Oecimat Unit and the Control! Unit run synchronousty. There is a 
Controlt Unit History Register entry for every Decimal Urit History Register 


entry and vice versa. If the Processor is not executing a Decimal 
operation, the Decimal Unit History Register entry witli show an idfe 
condition. 

Eunction: 


A Decimal Unit History Register entry shows the conditions in the Decimal! 
Unit at tne end of the Controf Unit cycle to which it applies. The sixteen 
registers will tnoitd tne conditions for the tast sixteen Control Unit 
cyclese Entries are made according to controls set in the Mode Register. 


(See Mode Register above) 


A minus (=) sign preceeding the flag name indicates that the complement of 
the flag is shown. Unused bits are set ON. 


The meanings of the constituent flags are: 
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bit Elag Name - Meaning 


0 -FPOL Prepare operand fiength 


1 -FPOP Prepare operand pointer 
2 -NEEO-DESC Need descriptor 
3 -SEL-ADOR Select address register 
& -DLEN=DIRECT Length equais direct 
S -DFRST Descriotor processed for first time 
6 -FEXR Extended register modification 
7 -DBLAST=-FRST Last cycle of OFRST 
8 -ODU-LDEA Decimal Unit load 
9 -DDU-STAE Oecimal Unit store 
10 -DREDO Redo operation without pointer and length update 
114 -OLVL<WD-SZ Load with count less than word size 
12. -EXH Exhaust 
13 DEND-SEQ End of sequence 
14 -DEND End of instruction 
15 -DU=RD+WRT Decimal Unit write-back 
16 -PTRADO PR address bit 0 
17) 0 «==PTRADL PR address odit 1 
18 FA/I1 Descriptor 1 active 
19 FA/I2 Descriptor 2 active 
20 FA/I3 Descriptor 3 active 
2i -wRD Word operation 
22 -NINE 93-bit character operation 
23 =-SIX 6-bit character operation 
24 <-FOUR 4-blt character operation 
25 -BIT Bit operation 
26 Unused 
27 Unused 
28 Unused 
29 Unused 
30 FSAMPL Sample for mid-instruction interrupt 
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bit Elag Name 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 
42 
43 
4h 
45 
46 
47 
48 
49 
5D 
51 
52 
53 
5% 
55 


56 


57 
58 
59 
60 


61 


-DFRST-CT 
~ADJ-LENGTH 
~INTRPTD 


~INHIB 


DuD 
-GDLDA 
-GDLDB 
-GOLOC 

NLOL 

GLOP1 

NLD2 

GLDP2 

ANLD1L 

ANLD2 

LOWRT1 

LDWRT2 
-DATA-AVLDU 

WRT1 

GSTR 

ANSTR 

FSTR=-OP-AV 
-FEND-SEQ 
-FLEN<128 

FGCH 


FANPK 


FEXMOP 


FBLNK 


DGBD 


DGD8 
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He aning 

Specified first count of a Sequence 
Adjust ltength 

Mid-instruction interrupt 

Inhibit STCi (force “STCO0™) 

Unused 

Decimal Unit idle 

Descriptor toad gate A 

Descriptor load gate 8 


Descriptor toad gate C 


Prepare alignment count for first numeric operand load 


Numeric operand one load gate 


Prepare alignment count for second numeric operand load 


Numeric operand two load gate 
Aiphanumeric operand one load gate 
Alphanumeric operand two toad gate 
Load rewrite register one gate 
Load rewrite register two gate 
Decimal Unit data avaitabie 
Rewrite register one loaded 
Numeric store gate 

Alphanumeric store gate 

Operand avaitabte fo be stored 
End sequence fiag 

Length tess than 128 

Character operation gate 


Aiphanumeric packing cycle gate 


Execute MOP gate 

Blanking gate 

Unused 

Binary to decimal execution gate 


Decimal to binary execution gate 
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bit Flag Name Meaning 


62 OGSP Shift procedure gate 

63 FFLTG Floating result flag 

64 FRNO Rounding flag 

65 DADD-GATE Add/substract execute gate 

66 OMP+DV-GATE Mu itiply/divide execution gate 
67 OXPN-GATE Exponent network execution gate 
68 Unused 

69 Unused 

70 Unused 

71 Unused 


APPENDING UNIT (AU) HISTORY REGISTERS 
Eormat: - 72 bits each 


Even word as stored by Store Centra! Processor Register (SCPR),. YTAG = O0- 
instruction 


Y) 12:2 21-4 2:2-2.2 2:22 233 3 3 
a ee Oe 8 OL ee 8 6 
3 : pe reper gare tot to 
i ESN toa tbicidieifiginiil)! SDWAMRIk! PTWAMRII3 
eee ee 

16 2212122122211 4 1 & 1 


Odd word as stored by Store Central Processor Register (SCPR), TAG = 00, 
instruction 


0 é2 22 23 3 33 3 
a a a ne 
i H H i 3 + ae 
3 AOD ~ TRR $0 0 Ofmto O Oinis: 
a ac I a a 

24 3 31 ae ae 


Figure 4-22 Appending Unit (AU) History Register Format 
Nescriotion: 


Sixteen logical combinations of fiags and registers from the Appending 
Unite Tne sixteen registers are nandied as a rotating queue controlled by 
tne Appending Unit History Register counter. The counter is always set to 
tne number of the oldest entry and advances by one for each history 
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register reference (data entry or SCPR). 


Eunction’ 


An Appending Unit History Register entry shows the conditions 


the 


Appending Unit = at the end of an address preparatioy cycle in Appending 


Modee The sixteen registers «ill notd the conditions for the 


sixteen 


such address prepartion cycies. Entries are made according to controis set 


in the Mode Register. (See Mode Register above) 


The meanings of the constituent flags and registers ares 


‘pit Flag Name Meaning 
ESN Effective segment number (TPR.TSR) 
a BSY Data source for ESN 
00 = from PPR.PSR 
01 = from PRn.eSNR 
10 = from TPR.TSR 
11 = not used 
b FDOSTPW Descriptor segment PTW fetcn 
c MDSPTW Descriptor segment PTW modification 
~ a FSDWP - SDW fetch from paged descriptor segnent 
e FPTW PTW fetch 
{ FPTW2 PTWti fetch 
g MPTW PTW modification 
h FANP Final address fetch from non-paged segment 
i FAP Final address fetch from paged segment 
} SDWAMM SOWAMN match ocurred 
SDWAMR SOWAM register number for SDWAMM=1 
k PTWAMM PTWAM match ocurred 
PTWAMR PTWAM register number for PTWAMM=1 
! FLT ACV or DFTn fault on this cycie 
ADD 24 bit final address from this cycle 
TRR Ring number from this cycte (TPR.TR2) 
m CA Segment is encacheable 
n FHLD An ACV or DFTn is waiting 


REVIEW DRAFT 
SUBJECT TO CHANGE 
Octobers 1975 4-38 


AL33 


CONFIGURATION SWITCH DATA 


Format: - 36 bits each 


Data read by Read Switches (RSW), Y = xxxxx0, instruction 


0 3 
al |S ne ROR SPR IS S Se Deere SOS SBIR ar EOE oe PRD D Me SECT eC EG cee h Se NCTA Od 
i HY 
3 Maintenance Panel Data Switches 3 
a Rett ne a See eT ee ee eee NE 

36 


Data read by Read Switches (RSW), Y = xxxxx2~_ instruction 


0 0 0 12 222 3333 3 
S| ees: el - eeeeeeneenenent See Jee a ete 
i : : 1 ie ! 
10 000 0 Of FLT BASE 10900000000 00 00 Otati 0 1 Olbs1scPu! 
[eee ee! Serene OTT RS DOneEe Sem nENS eee ene emer aR ee (Oe Ore emSeEenee 2A feb eH 

6 7 14 1 fia. 2 


Data read by Read Switches (RSW) 5 Y - xxxxx1/3, instruction 


ry 0 0 11 22 3 


ERENT ae ay: een eee One ae Le: GREE See Seen LN - Ney Doerner Ameer Sen 

: PORT A/E : EORD ar PORT C/G PORT D/H i 

! we oe ewes ome oecoo a ] SO OS BO 2 See ee Wee] 222282828 SOS 2 OOS 2@ i wees ewe eoeween]| wcce { 

[ADR teidiei EM 1 ADR Leldiel HEM 1 De ieldiei HE 1 A2¢ Ieidiel HEM 1 
1 11 


Data read by Read Switches (RSW), Y = xxxxx4, instruction 


0 LPi’2 2244 2 e222 2 22.22 2 3 
een Sel GET GE" Gr" Wr SHE TOOTS GIS, 
8 tA Bictoleir:i Gti Hi 
70000 00 8 ODO DOD DO DO D8 mmm 8 em m fam nm fener fen fennnte---t---10 000 0 0 PP 


g pene ne ee See SE eet ee 
iTZi+#iitrtirti rtirtiitir~irzrisriotr~iiazaizyz 
Figure 4-23 Configuration Switch Data Formats 
Rescriotions 


Tne Read Switches (RSW) instruction provides the ability to interrogate 
various switches and options on the Processor Maintenance and Configuration 
panels. The teast significant digit (bits 15-17) of the address field is 
used fo setect the Switches to be reade High order address bits are 
ignored. Data is placed in the A-Register. Bits pictured as “0 are 
unimplemented or represent options ftnat are standard on the Mulfics 
Processor. Bits pictured as “1 represent options that are standard on the 
Mulfics Processor. 
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Read Switches (RSW), Y = xxxxxi1 reads data for Ports A, Bs Cy and De. 
Switches (RSW), Y = xxxxx3 reads data for Ports Es Fe Gy and He 


Eunction’ 


Tne meanings of tne constituent fields ares 


Key Field Name Meaning 
FLT BASE Seven most significant bits of the 12 bit Fault 
Address 
a Cache option 


0 = enapnled 
1 = disabled 


b Main store speed option 
0 = stow 
i = fast. 


CPU Processor number 


PORT A/Es etc. Port data fields furtner substructused aSeose 


ADR Address Assignment Switch setting for port 
c Port enabled flag 
7 d System Initialize enabled fiag 
e Intertace enabled fiag 
MEM Coded memory size eee 
900 32K 
001 64K 
019 96K or 160K 
O11 128K 
100 512K 
101 10246K 
110 2048K 
111 256K 
Ay By etfce Port data fields further substructuted aSeece 
f , Interlace mode 
0 = & word if infertace enabled for port 
1 = 2 word if interlace enabdied for port 
g Main store size 


0 = full, all of MEM is configured 


1 = half, half of MEM is configured 


CONTROL UNIT DATA 


Eormat3 - 288 bits, 8 machine words 
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Read 


Base 


AL39 


Data as stored by Store Control Unit (SCU) instruction 


Word 
a) 00 1114122222222223333 3 
fe 
: F { t 
QO 3 PRR} PSR faibicidletfiginhiilpikitiminiot FCT 3 
FN a i re ee ee oar ae rs ee 
3 SG9t1LL1¢7LALAartAcdairzartrzaiat 
coonDgoODo0O0gnDonLTALTAELAAL112 22 22 23 3 3 
_P.12.3 4.56 7.8 90 212.34 567899 i #4;||\.3 4% 67 #99 4 5 
489 2 Pe EE ae eae a a | H 3 { 
L talbicidielfigihiispikiftininiotpiaqirisit: IA SIACHNESNCHN! F/I ADDRiu} 
Poe A Ph 2 a eh  P 
Z1i12122721221214242222i22i4222L 1:1 & 3 3 5 1 
8 060 ii 222 3 3 
pak | eevareny lee Pane ee eee sareccecaicteray Wemaninaaaes asi -aE Ea (ay Velma a 
t 3 H t 
2 1! TRR? TSR 10 0 000000 0 O:CPU3 DELTA ! 
) Sas een ESE ARENT CST ee See eae a a 
3 15 18 2 6 
0 ii 222 222 22 3 3 
he pe 8 a ee 
: {1 TSNA 3 TSNS3 t TSNC 3 i 
3B 1000000009000 00 0 0 BO O QO ie--n2—=f-------$-------! TEMP BIT ! 
Saale aRaS hea AMARA T GAMES “SGA <r LE © 
18 31 31 
“9 2112222222222333 3 
ee | ee eae NA ASME TAS Oa MANNII SU «es De es ERY ASI A I « Se’ Se « ie” I | es Ren 2a 
’ ae ae ae ae ae eee ee eee ee | | 
& 3 Ic talbicidieifigihtiijikitiminia o 0 0! 
a a 
Wwairttiatiavartir¢~rtitztiiadt & 
0 fti2222222222 3 3 
at oe a a et ee 8 8 oe a 
3 ie ee ee ee ae ee ee ee ee ee 1 
5 3 COMPUTED ADDRESS faibicidle!figthiilj iki! CT HOLD !} 
ee a en a ee 
18 1 i212212412i112121231i21 6 
0 ai 2223 
ne a 2 eeeeeeeeiees ict eee» 
& ! ADDRESS OPCODE aie TAG : 
18 i011 6 
0 41 222 3 
See eee ene: eee oe eee 
i i 43 2 t 
zt ADDRESS i OPCODE 113P3 TAG H 
es ee Pat Ok ES ECR EE 
18 109 11 6 
Figure 4-24 Control Unit Data Format 
Description: 
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A logical collection of flags and registers from the Appending Unit and the 
Control Unite In general, tne data has valid meaning only when stored with 
the Store Contro! Unit (SCu) instruction as the fi*st instruction of a 
Fault Trap paire Bits pictured as “0" are reserved and must have tne value 
0. 


Eunctions 


The Control Unit Data allows the Processor to restart an instruction at the 
point of interruption wnen it is interrupted by an Access Violation Faulf, 
a Directed Fault, or (for certain EIS instructions) a Program Interrupt. 
Directed Faults are intentionale and most Access Vidlation Faults and 
Program Interrupts are recoverable. If the interruption is not 
recoverable, the Contro! Unit Oata provides enough infotmation to determine 
the exact nature of fhe error. 


Instruction execution restarts immediately upon execution of a Restore 
Control Unit (RCU) instruction referencing the Y-block8&8 area into which the 
Control Unit Data was storede 


Fields having an "x" in the column headed L are not restored by the Restore 
Control Unit (RCU) instruction. 


Word key L Field Name Meaning 

0 PPRePRR ' Procedure ring register 
0 PPRePSR Procedure segment registe~ 

~ 9 a PPReP Privileged bit 
0 b XSF External segment flag 
0 c x SDOWAM.SOWAMM Match on SOWAM 
0 dg »x SD-ON SOWAM enabled 
0 e x PTHAMePTWAMM Match on PTWAM 
0 f » PT-ON PTWAM enabled 
0 g x PI-AaP Instruction fetch append cycie 
0 nh x DSPTH Fetch Descriptor Segment PTW 
0 i x SOWNP Fetch SOW - nonpaged 
0 } ™ SDWP Fetch SDW - paged 
0 k »® PTW Fetch PTW 
0 i x» PTW2 Fetch prepage PTW 
0 m x FAP Fetch final address - paged 
0 n ™« FANP Fetch final address - nonsaged 
0 o x FABS Fetch final address - absolute 
0 FCT Fault counter = counts instruction retries 
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Word key L 


| 


a 
- 


po 


Se ~~ Se ~~ 
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Field Name 


TRO 
ISN 


OES 
Iroc 


E-OFF 
TA+IM 


ORB 
Isp 


R-OFF 
IPR 


OWB 
NEA 


W-OF F 
008 


NO GA 
ocsB 
OCALL 
BoC 
INRET 
CRT 
RALR 
AM-ER 
ooSsB 
PARU 
PARL 
ONCi 
ONC2 
IA 
ITACHN 


CNCHN 


F/I ADOR 


F/T 


TPReETRR 


Meaning 


For 
For 


For 
For 


For 
For 


For 
For 


For 
For 


For 
For 


For 
For 


For 
For 
For 
For 
For 
For 
For 
For 
For 
For 
For 
For 
For 


SCU 


ACV 
STR 


ACV 
IPR 


ACV 
IPR 


ACV 
IPR 


ACV 
IPR 


ACV 
STR 


ACV 
STR 


ACV 
ACV 
ACV 
ACV 
ACV 
ACV 
ACV 
ACV 
ACV 
PAR 
PAR 
ONC 


ONC 


illegal ring order 
illegal segment number 


out of execute bracket 
illegal op code 


execute bit is off. 
ilfegat address or modifier 


out of read bracket 
ittegal slave procedure 


read bit is off 
illegal EIS digit 


out of write bracket 
nonexistent address 


write bit is off 
out of bounds 


not a gate 

out of cali bracket 
outward cali 

bad outward calt 

inward return 

cross ring transfer 

ring alarm 

associative memory error 
out of segment dounds 
processor parity upper 
processor parity lower 
CPU/SCU sequence error #1 


CPU/SCU sequence error #2 


ittegal action fines (See Table 4-2) 


Ittlegal action CPU port. 


For CON = connect (CYIOC) SPU port 


Modulo 2 fault/interrupt vector address 


Fault/interrupt bit flag sit 
interrupt 
fault 


Q 
i 


Temporary ring register 


& 


-4&3 
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Word key L Field Name 


2 
2 
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TPReTSR 
CPU 
DELTA 


TSNA 


PRNO 


TSNB 


TSNC 


TEMP BIT 


PPR.«IC 
ZERO 
NEG 
CARY 
OVFL 
EOVF 
EUFL 
OFLN 
TRO 


PAR 


TPReCA 
RF 
RPT 


RD 
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Meaning 
Temporary segment registe> 
CPU number 


Address increment for repeats 


Pointer Register number for non-EIS operands 
or for EIS operand #1 furtner suods tructured 


BSece 
Pointer register number 
1 = PRNO is valid 


Pointer Register number for EIS 
further substructuregd as for TSNA 


Pointer Register number for EIS 
further suostructured as for TSNA 


operand #2 
above 


operand #3 
above 


BITNO field of Temporary Pointer Register 


(TPReTBR) 

Instruction counter 

Zero indicator 

Negative indicator 

Carry indicator 

Overflow indicator 

Exponent overfiow indicator 
Exponent underfiow indicator 
Overfiow mask indicator 
Tally runout indicator 
Parity error indicator 
Parity mask indicator 

Not BAR Mode indicator 

EIS truncation indicator 
Mid-instruction interrupt 


Absolute mode 


Current Effective Address 
First cycle of a repeat oreration 
Executing a repeat 


Executing a repeat double 
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Word key L Eield Name 

5 d RL 

5 e POT 

5 t PON 

5 g XDE 

5 h xDO 

5 i rTP 

5 } RST 

5 k ITs 

5 ' FIF 

5 CY HOLD 

6 

7 
DECIMAL UNIT DATA 


Formats - 288 bits, 
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8 machine words 


Meaning 
Executing a repeat link 


Prepare operand taily 
This flag is up until fhe indirect word of an 
IT indirect cycie is successfully fetched. 


Prepare operand notaity 

Tnis flag is up until the indirect word of a 
“return” type instruction is successfully 
fetched. It indicates that there is no 
indirect chain even thoug an indirect fetch 
is being done. 


Execute double from even IC 

Execute double from odd IC 

ITP cycle 

Restart this instruction 

Executing ITS indirect cycle 

Fault occured during instruction fetch 
Contents of the “remember modifier” register 


Word 6 is the contents of the “working 
instruction register™ and reflects conditions 
at the exact point of address preparation 
when the fault/interrust occurede The 
ADDRESS and TAG fields are replaced with data 
from pointer registers, indirect pointers, 
and/or indirect words du*ing each indirect 
cyle. cach instruction of the current pair 
is moved to this register before actual 
address preparation begins. 


Word 7 is the contents of the “instruction 
holding register™. It contains the odd nord 
of tne tast instruction pair fetcned from 
main store. Note that, orimarily because of 
store oversap, this instructior is not 
necessarily paired with the instruction in 
Word 6. , 
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Data as stored by Store Pointers and Lengths (SPL) instruction Word 


0 oo0111 3 
Pa | Gemepronnae sO a ee eee ee 

$ $3t 3 1 

Q 0900090 0 0 0 072:8:03 CH TALLY H 
p eee Oa 
9111 24 

0 3 
pas | area — a eee ae 

i ! 

1 t00 0000000000 0000000000 00008600006006009000 0 0! 
a a eh ~ Bet ee 

; 36 
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Figure 4-25 Decima! Unit Data Format 
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Descriotion:’ 


A ltogical collection of flags and registers from the Decima! Unite. 8its 
pictured as “0 are reserved and must have the value 0. 


Eunction: 


The Decimat Unit Data allows the Processor to restart an EIS instruction at 
the point of interruption when if is interrupted by an Access Violation 
Fault, a Directed Fault, or (for certain EIS instructions) a Program 
Interrupt. Directed Faults are intentional, and most Access Violation 
Faults and Program Interrupts are recoverable. 


Tne data are restored with tne Load Pointers and Lengths (LPL) instruction. 


Fields having an “*x" in the cofumn headed | are pat restored. When 
starting execution of an EIS instruction, the decimal unit registers and 
»flags are not initialized from the Operand Descriptors if the 


Mid-instruction Interrupt Fautt (MIF) indicator is set JNe 


The meanings of tne constituent fiags and registers are 


Word L Field Name Meaning 


0 Zz Al’ bit string instruction results are zero 
‘s i] ] Negative overpunch found in 6-% expanded move 
0 CHTALLY The number of characters examined by tne SCAN, TCT, or 


TCTR instruction (up to the interrust or match) 


2 Di PTR Address of tast double word accessed by Operand 
Oescriptor 13 odits 17-23 (bit add-ess) valid only for 
initial access 


22436 TA Alphanumeric type of Operand Descriotor 12,3 
2kxtI Decimal Unit interrupted ftiag3 a copy of the 
Mid-Instruction Interrupt Fault indicator 
204,656 F . First times data in Operand Descriptor 1,2,3 is valid 
2e%e6 A Operand Oescriptor 1is2%s3 is active 
3 LEVEL Difference in the count of characte*s toaded into the 


CPU and characters stored back to main store 
3 Di RES Count of characters remaining in Operand Descriotor 1 


& O02 PTR Address of fast doubJe word accessed py Operand 


Descriptor 23; bits 17-23 (bit address) valid only tor 
initial access 


46 x R Last cycie performed must be repeated 
5 D2 RES Count of characters remaining in Operand Descriptor 2 
6 03 PTR Address of the fast double word accesssed by Operand 


Descriptor 33 bits i7-23 (bit addsess) valid only for 
initial access 
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Word L Eield Name Meaning 


6 JMP Descriptor counts number of words to skip to find the 
next instruction following this multinword instruction 


7 O03 RES Count of characters remaining in Operand Descriptor 3 
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SECTION V 


ADDRESSING -— SEGMENTATION AND PAGING 


ADDRESSING MODES 


The Multics Processor is able to access the main store in either of fro 
modes; Absolute Mode or Append Mode. 


The Processor prepares an Effective Address for each main store reference 
for instructions or operands. An Effective Address consists of a 12-bit segment 
Number and an 18-bit offset within that segment. An offset is defined as the 
number of machine words from the seagnent base or origin to fhe referent. The 
Processor uses the £€ffective Address to generate a 24-bit tinal address. The 
final address is used either as a direct operand or as an address for a main 
store access. The various means of Effective Address formation are. explained in 
Section VI» Effective Address Formation. The generation of the final addess is 
different in the two Addressing Modes. 


Absolute Mode 


In Absolute Mode, the segment number is null, that iss undefinedy and the 
segment base is the origin of main store. The final addsess is generated by 
high-order zero filling the offset with six binary O°s.e Absolute Mode 
addressing is limited to the first 262,144 words of main store. 


In Absolute Mode, al! instruction fetches are made from Absolute addresses. 
Instruction operands may be located anywhere in main store and may be accessed 
by specifying ITS Address Modification tor the instruction or by toading a 
Pointer Register with an appropriate value and specifying ITP Address 
Modification or using bit 29 of the instruction worde The use of ITS or ITP 
Address Modification in an Indirect Word will have the same effect. 


WARNING? The use any of the above constructs in Absolute Mode ptaces. the 
Processor in Append Mode for one or more Address Preparation cycles. 
Atl necessary registers must be property foaded and all Fault 


conditions must be considered (See Append Mode below). 


If a transfer of contro! is made with any of the above constructs, the 


processor remains in Append Mode after the transfer and Bupseauen! instruction 
fetches are made in Append Mode. 
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Although no segment is defined for Absolute Moder, is say be helpful to 
understanding to visualize a virutal, ‘unpaged segment sverlaying the first 
262,144 words of main storee 


< 


Agpend Node 


In Append mode, the appending mechanism is employed for atl main store 
references. The appending mechanism is described in “Segmentation” and “Paging” 
following in this sectione 


SEGMENTATION 


A Multics segment is defined as an array of machine words of arbitrary (but 
timited) size containing arbvitrary datae A segment is identified within tne 
Processor by a segment number (segna)s unique to the segment for the process, | 
that is assigned by the operating system wmhen the segment is first referenced by 
the process. 


To simpify this discussion, fhe operation of the hardware ring mechanism is 
not described although it is an integral part of Address Preparatione See 
Section VIII, Hardware Ring Impiementation, for a discussion of the ring 
mechanism hardware. : 


“An Effective Address in the Processor consists of a pair of integers 
(segno, aftset). The range of segno is (0,2**12-1)3, the range of offset is 
(0,2**16-1). “Tne description of the segment identified by segno value n is kept 

-in. the oth word-pair (offset= 2 * n) in a table known as the descriptor segnent 
(dseg). The descriptor segment always has segng value 0 and contains 
descriptions of ail segments accessibie by the process including its own 
description in Y-pair 0. The location of the descriptor segment for a running 
process is held by fhe Processor in the Descriptor Segment Base Register (DSBR). 
{See Section IV, Program Accessibte Registers) Each word-pair of a descriptor 
segment is knoxun as a Segment Descriptor Word (SOW) and is 72 bits tonge {See 
Figure 5-5, Segment Descriptor Word (SDW) Format, tater in tris section.) 


A bit in the SOW for a segment (SDW.U) specifies whether the segment is 
paged or ynpnagede The toltowing is a simplified description of the appending 
process for unpaged segmentse (Refer to Figures 4-14 and 5-5) 


1e If 2 * segno >= 16 * (OSBReBND +# 1), then generate an Access 
Viotation, Out of Segment Bounds Fault. 


2e Fetch the SDW from DSBR.ADDR + 2 * segnoe 


3e If SOW.F = "0", then generate Directed Fault p where pnp is given in 
-SOWeFC. The vatue of n used here is the value assigned to define a 
missing segment ftauit or segment fauite 


Le Tf offset >= 16 * (SDW.BOUND + 13, then generate ax Access Violation, 
Out of Segment Bounds Fault. 


Se If the access bdits (SOWeRy SDWeEs efce) of the segment are 
incompatible with the reference, generate the appropriate Access 
Violation Faulfe 
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6. Generate final address SOW.ADR + offsef. 


Figure 5-1 depicts the relationships dascribed above. © 


T ! <-- DSBR.ADIR 
2 : i 
2 ! | 
2 * segno 3 3 
H H H 
Pa; CN: eer a 
—__ —seament H $ 
T i i<-------1 SOW 3 SOW(Seqgng) 
j 3 : | ae | 
— & YS 
Ae Tetey Mee 2 | aes | 
H 3 t<-- DSBR.BND 
3 data 3: 
t : 
3 3 
3 i 
| ee 0 


3<-- SOW. BOUND 


Figure 5-1 Finat Address Generation for an Unpaged Segment 


PAGING 


A page is defined as a block of 2**n machine words. The Multics Processor 
is designed in such a way that n is adjustabie in the range (6512). Experience 
has shown that the optimum vaiue for nis 109 yielding a page size of 102% words. 


With the value of n established, the Processor divides a k-bit offset or 
seaqano value into two partss the thigh order (k-g) bits forming a page numbers xX, 
and the tf!ow order ng bits forming a word number, ye Algorithmically, this may 
stated as? 


yY = value modulo (page size) 
x = (value - y) / (page size) 


Tne symbois x and y will be used in this context fhrougrout this section. 
Examples of page number formation are shown in Figure 5-2 belowe 
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0 1 0 1 
7 | Rr RONDE eats ke a een eae OA i | Seek ee eae age eee NEN ek 
i 4 1 : 
‘ otfset i 1 offset ! 
fen ene ae eRe b GEnP a Eres eee PERS ea aoe? (h 

18 18 

0 0 90 1 0 11 1 
2 ae. aes ras | epee eRe mane Gee’ Mereeehe diane 
i 3 H 3 t H 
: x { xy 3 < H x i y 3 
i RT ee ek a Se 

8 ; 10 i2 6 
1024 word page 64 word page 


Figure 5-2 Examples of Page Number Formation 


A bit in the SOW for a segment (SDOW.U) specifies whether the segment is 
paged or unpaged. A paged segment may be defined aS an array of paces of 
arbitrary (but Slimited) size with each page an array of 1024 machine words. 
Thus, a reference to a word or words of a paged segment may be treated as a 
reference to word y of page x of the segment. 


Multics subdivides the Virtua! Memory into page size blacks of 1924 words 
eache In the main store, the biocks are known as main store pages; on the 
pagifig device and the secondary storage, the blocks are known as recordse Such 
a subdivision of space allows a segment page to handied as a physical block 
independently from the other pages of tne segment and from otner segmentse When 
a reference fo a word ina paged segment is required (and the word is not 
already in main store), a main store page is allocated and tre record containing 
the segment page is read ine Unneeded segment pages need not occupy Space in 
main store. 


Tne location and status of page x of a paged segment is kept in the xth 
word of ae table known as the page table for the segment. Tne words in this 
fable are known as Page JTable Words (PIWs). (See Figure 5-6, Page Tabtie word 
(PTW) Format, later in this section.) 


Any segment may be paged aS appropriate and convenient. SOW.ADR for a 
paged segment points to the page table for the segment instead of the base of 
the segment. If dseg for a process is paged, DSBR.ADDR points to the page tabpie 
for dsege 


The full algorithm used by the processor to access word offset of paged 
segment seqgngo (including dseq paging) is as followse (Refer to Figures 4&-1ih, 


5-5-4 and 5-6) 
ie If 2 * segng >= 16 * DSBR.BND, the generate an Access Violation, Out 
of Segment Bounds Fault. 
2e Form the quantities: 
yi = (2 * Seana) modulo 1024 


oe (2 * 329n2 - yi) 7 1924 
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Avoid using 


goto declare dc 


common keywords as names. 


When names such as 


t if then 


and $0 On are used aS names» a superficial but irritating confusion is 


introduced. On the 
where that 
to name a 


sort) even though 


exatoles, the 
devices do not clearly 


is convenient. 
variable for the 
"dft' 


where possible, avoid using troublesome letters in 


other hands 


There 


dg use uncommon keywords as names 
is certainly no harm in using ‘dft! 
“debit final total” (Cor scmething of the 
1s a keyword. 


idertifiers, For 


dinits zerg and gne are trcublesome because some output 


distinguish between zero and the letter *60°. or 


between one and the Letter ‘7'. 


There is 
value. The full syntax and 
the section on “Expressions”. 


of arithmetic literal constants: 


394 
3.04 
3.04e-5 
3.04e-Si 


011f001b 
9-71 .00C1b 
217 .00C1e-2b 
911.0001e-2bi 


Coserve that an arithmetic constant dces not begin with a sign. 


constant is requireds it is 


arithmetic constant. 


The following 1s a 


constants: 


orwineattlo, he said." 


"14101 bee AC | AEE ORE 86 seta 


C49"01"b 
wn 
Any ASCII character 
non-printiny 


can be usec 
characters as 


2 


complex 


representative 


tabs 


a literal constant lexeme for each type of arithmetic and string 
interpretation of these lexemes are given Later, 
The following 


in 
is a representative set of examples 


ata_lyee 


fixed dec(3) 

fixed dec(32) 

fleat dec(3) 

float dec(3)- 


fixed(7) 


fixed (7,4) 
float(7) 


complex float(7) 


When a negative 


written as two lLexemess a sign followed by an 
set of examples of string Literal 

Data_Iyece Remark 

char (4) : 

char (12) means "abcdabcdabcd" 

char (Q) means the null string 

char (17) "™ counts as " in value 


ib J L CS... ee tok) ie re ‘i 
ns "C1010101"b 


bit¢a) mea 
bit (0) means the null string 
in a ‘character’ string constants including such 


newlines and saon. A string constant is a 


sinale lexe7es and is not considered to contain smaller lexemes. 


Draft - Subject to Change 


Draft Subject to Change 


Honeywell Proprietary 


Honeywell Proprietary 


Functuatocs 


> 


There are six gunctuator_lexemes- 


in the following table: 


Punctuater 


. (period) 


, (comma) 


(colon) 


we 


“(semicolon) 


( (Cleft 
parenthesis) 


) (right 
parenthesis) 


each is given, together with its purpose, 


Puregss 


indicates the decimal or binary point? alsos 
separates names in a qualified reference 


Separates items in a list of argumentss parameters, 
subscriptss ceclarationss optionss and se on 


terminates a condition prefix or a tabel prefix; 
also» separates the hounds of an array 


terminates a statement 


indicates the beginning cf a liSts an expressions an 
iteration factors and so on 


indicates the end of a liste an expressions an 
iteration factors and sc on ot 


These lexemes are used in most of the features of PL/I. 


Coerators 


Yost 


There are five kinds of Qperator_lLexemes- they are defined as follows: 


Classification 


arithmetic 
relaticnal 
_ logical 
string 
qualifier 


of the operators 


"“Exoressions"™. 


Oraft 


Draft 


- Subject to Changa 


- Subject to Change 


Quecatecrs 

+ - & fo ke 

aro OTS HS SS op SS >= 
< | : 

it 

-> 


are defined in the section on "Operators". The only 
exception is the qualifier 


operators which is defined in the section on 


Honeywell Proprietary 


5-6 Heneywell Proprietary 


ADDRESS APPENDING 


At the completion of the formation of the Fffective Address (See Section 
VI, Effective Address Formation) an Effective Segment Numbar (seano) is in the 
Segment Number Register of the Temporary Pointer Registe- (TPR.SNR) and a 
Computed Address (offset) is in the Conputed Address register of the Temporary 
Pointer Register (TPR.CA) (See Section IV» Program Accessibte Registers, for a 
discussion of the Temporary Pointer Register). 


Address Anpending Sequences 


Once segno and offset are form2d in TPR.SNR and TPR.CA, respectively, the 
process of generatin3z the final address can involve a numger of different and 
distinct Appending Unit cycles. 


The operation of the Appending Unit is shown the flowchart in Figure 5-4. 
This flowchart assumes that Directed Faults Store Faults, or Parity Faults do 
not occure 

A segment boundary check is made in every cycle except PSDW. If a boundary 
violation is detectede an Access Violation, Out of Segment Bounds Fault will be 
generated and the execution of the instruction aborted. The occurence of any 
Fault will abort tne sequence at the point of occurencee The operatinzg system 
wilt) safe store the Control Unit Data for possible retry and wilt attempt to 
resolve the Fault coditione 


“The vaiue of the Associative Memories may be seen in the flowchart by 
observing the number of cycles bypassed if an SDW or PTW is found in the 
Associative Memory. 


Tnere are nine different Appending Unit cycles that involve accesses to 
main store. Two of these (FANP, FAP) generate the final address and initiate a 
fain store access for the operand or instruction pairs five (NSDW, PSOW, PTW, 
PTW2 and OSPTW) generate a main store access to fetch an SOW or PTW$ and two 
(MDSPTW and MPTW) generate a main store access to update page sfatus bifs (PTW.U 
and PTW.M) in a PTW. fFne cycles are defined in Tabdie 5-1 belon. 
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Cycle - 


Name_ 


FANP 


‘FAP 


NSOW 


PSOW 


PTW 


PTW2 © 


DSPTW 


MOSPTW 


MPTW 
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Table S-1 Appending Unit Cycle Definitions 
Function 
Einal Address NonBaged 


Generates the -finat address and initiates an nain store access to 
an unpaged segment for operands or instructions. 


Final Address Paged 


Generates the final address and initiates a main store access to 
@ paged segment for operands or instructions. 


Nonpaged SOW Fetch 

Fetches an SOW from an unpaged asege 

Paged SQW Fetch 

Fetches an SOW from a paged descriptor segment. 
PIW Fetch 


Fetches a PTW from a page table other than a dseq page table. 


‘Second PIW Fetch (Same as PTW above) 


Fetches the next PTW from a page table other than a dseg page 
table during hardware prepaging for certain usninterruptable EIS 
instructionse This cyclie does not toad tne next PTH into the 
Appending Unit. If merely assures that the PTH is not faulted 
CPTW.F = "1"%) and tnat the target page wil! be in main store when 


a and if needed by the DST EUG Neos. 


Descriptor Segment PI Fetch 
Fetches a PTW from a dseq page table. 
Modify OSPTW 


Sets tne page accessed bit (PTWeU) in the PTW for a page in a 
dseq page table. This cycie aiways immediately follows a DSPTW 


cycle. 


Modify PI 


Sets the page modified bit (PTW.M) in the PTW for a page in other 
than a gseg page table. 
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Figure 5-& Appending Unit Operation Flowchart 
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APPENDING UNIT DATA WORD FORMATS 


Seament Descriptor Word (SOW) Format 


The Segment Descriptor Word (SDW) pair contains infermation necessary to 
contro! the access to a segment by a process. Tne SOW for a segment is 
constructed from data in the directory entry for the segment and in the System 
Segment Table (SST) when the segment is initiated by the process. The SOW for 
segment op (unique within the process) is placed at offset 2n in the Descriptor 
Segment idseqg) of the processe 


Even Word 
0 22 22 23 3333 
- 1 ‘Tie 
: Pt 
: ADDR 1 RL? 22% RB IFL FC? 
BO ee se ee ee 
24 3 3. #431 2 

Odd Word 
00 22142121222 3 
AS CORRE Dee RENE ROORGE Ue Ds i eee eee ERR 
ti titairtita | : 
103 BOUND IRIE IWIPIUIGIC! SL i 
Oh i cs te ne te ed ce ee re St 
1 wiiiitiidzn 14 


Figure 5-5 Segment Descriptor Word (SOW) Fo>mat 


Fieid Name Description 


ADDR 24 bit base address of segment (U=41) of segment page table 
(U=0). 

Ri highest effective read/write ringe 

R2. highest effective read/execufe ringe 

R3 highest effective cali ringe 

F directed fauit indicator. 
1 = the necessary unpaged segment or segmerxt page tanie is in 

memorye 


0 = execute the directed fault specified in FC. 


FC the number of the directed fault (DOF0-DF3) to be executed if 
F=06 
BOUND fargest 16-word olock number that may be accessed without 


causing an Access Violations Out of Segment Bounds Fault. 


R read permission bit. 
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Eleld Name Description 


€ eXECute permission bit. (XEC & XED excluded) 
W write permission bit. 
P privileged mode bit. 
0 privileged instructions cannot be executed. 


1 privileged instructions may oe executed if in ring 0. 
U paged/unpaged bite 
0 = segment is paged and ADDR is the address of the page 
tablee : 
i = segment is unpaged and ADOR is the base address of the 
segmente 
G gate indicator bit. 


0 = any cail from an external segment must be to an offset 
fess than the value of CL. 
4 = any tegal segment offset may be called. 


Cc cache control bif. 
0 = words (operands or instructions) from this segment may not 
be placed in the cachée ; 
4 = words from this segment may be placed in the cache. 


CL cali timiter. 
Any externai cali to this segment musf de fo an offset less 
tnan CL if G=0. 


. 


Page Tabie Word (PTW) Format 


Tne Page Table Word (PTW) contains tocation and status information for a 
page of a paged segment. The PTWs for a paged segment are copied from the 
directory entry file map tor the segment into the Page Table Word Array (PTWA) 
of a free area in the Active Segment Table (AST) area of the SST when the 
segment is first initiated by a process. Subsequent initiations by ofher 
processes reference the existing PIWA. 


8 1 i 22222222233333 3 
ele ea. soc asecasS EA SER GT aN WaT GE OV GR 
3 H ~! H ~ et. 
: ADOR $ OTD %$WIPIO OFUIO OIMIQmwssiF! FCI 
a a a ga ed dd 

18 411 2i dee ae i> Se Sa 2 


Figure 5-6 Page Table Word (PTW) Format 


Eieid Name Descriotion 


ADDR 18 bit modulo 6% page address if page is in store, 
or 
18 bit record number of page if page is not in store. 


The hardware ignores low orcer bits of the in-store page 
address according to page size based on the following eee 
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Eieid Name 


DID 


=i 


x= 2 fF & FV 
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Descriotion 


ADDR Bits 


Page Size 
in words danored 
64 none 
128 i7 
256 16-17 
$12 15-17 
1024 14-17 
2048 13-17 
4096 12-17 


device id for device containing the page. 


1 


=-= 
- 


page has not yet been written oute 


temporary bif used in post_processinge 


i = page 
1 = page 
i = page 
1 = page 
i = page 
1 = page 
0 = page 
directed 


has been used. (touched). 


has been modifiede 


has been used during the quantume 
is wired. 
is out of service (i/o in progress). 


is in storee 
not in storee Execute directed fault 


fault number for page fault. 


5-12 


FC. 
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SECTION VI 


EFFECTIVE ADDRESS FORMATION 


DEFINITION OF EFFECTIVE ADORESS 


The Effective Address in the Multics Processor is the user*s specification 
of the ftocation of a data item in the Multics Virtual Memory. Each reference to 
the Virtual Memory tor operands, indirect words, indirect pointers, Operand 
Descriptors, or instructions must provide an Effective Address. The hardware 
and the operating system translate the Effective Address into the true tocation 
of the data item and assure that the data item is in main store for the 
referencee 


The Effective Address consists of two parts, a segment number and an 
offset. The value of each part is the result of the evaluation of a nardware 
algorithm (expression) of one or more ferms. The selection of the algorithm is 
made. by the use of control bits in the Instruction Word; namely, bit 29 tor 
segment number modification and the Address Modification (or TAG) field for 
offset modificatione If the TAG field of the Instruction Word specifies certain 
“indirect” modifications, the TAG field of the Indirect Word is aiso treated as 
an Address Modifier, thus establishing a continuing “indirect chain". Bit 29 of 
an Indirect Word has no meaning in the context of Address Modificatione 


Tne results of evaluation of the Address Modification algorithm are stored 
in temporary registers used as working registers by the Processor. The segment 
number is stored in the Temporary Segment Register (TPR.TS2). The offset is 
stored in the Computed Address Register (TPRs«CA). When each Effective Address 
computation has been completed, the C(TPR.TSR} and the C(TPR.CA) are presented 
to the Appending Unit for transtation to a 24-bit final Add-ess (See Section V; 
Addressing ~-- Segmentation and Paging). 


LYPES OF EFFECTIVE ADDRESS FORMATION 


There are two types of Effective Address formation. The first type does not 
make explicit use of segment numbers. Tne algorithm selected produces a value 
for C(TPR.CA) only. The segment number in C(TPR-TSR) does not change and is the 


a 


segment rumber used to fetch the instruction. In this case, all references are 
said to be “local” to the procedure segment as held in C(PPR.PSR). 


The second type makes use of a seyment number stored either in an Indirect 
Word-pair in main store or ina Pointer Register (PRn). The algoritnn selected 
produces values for poth C(TPR.TSXR) and CCTPR.CA). Tne segment number in 
C(TPReTSRI may change and, if it changes, references are s3id to be “external” 
to the proceaure segment as heid in C(PPR.PSR). 
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The two types of Effective Address formation can be intermixed. In cases 
where Effective Address caiculations are chained tosetrer through Pointer 
Registers or Indirect Words, each Effective Address is transtated to a 24-bit 
final address to fetch the next item in the chain. ° 


EFFECTIVE ADDRESS FORMATION DESCRIPTION 


This description of Effective Address formation is divided into two parts 
corresponding to the two typese The first part describes the type that involves 
oniy the offset vaiue C(TPR.CA). The segment number C(TPR.TSR) is assumed 
constant and equal to C(PPR.PSR). 


The second part describes the type that involves both the segment nunber 
C(TPReTSR) and the offset C(TPR.CA). 


EFFECTIVE ADDRESS FORMATION INVOLVING OFFSET ONLY 


“The Address Modifications described here produce values for CCTPR.CA) only. 
Tne segment number CCTPR.TSR) is assumed constant and equal to C(PPRePSR). 


Ihe Address Moditier (IAG) Field 


bd 


Bits 30-35 of an Instruction Word or Indirect Word constitute the Address 
Modifier or T.AG field. The format of the TAG field is: 


Figure 6-1 Address Modifier (TAG) Field Fornat 


Field Name Eunction 


Tm The “modifier” field$ specifies one of four general types of 
offset modificatione 


Td The “designator” fielid$ specifies a register number or an 
Indirect Then Talfty variatione 


General Tynes of Offset Modification 


There are four general types of offset modification: Register, Register 
Then Indirect, Indirect Tnen Register, and Indirect Then Tally. The general 
types are described in Table 6-1 belowe 
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Each Effective Address formation for an operand begins aith a preliminary 


step of 


toading TPR.CA 


with the ADDRESS fietd of the Instruction Word. This 


preliminary step takes place during instruction decode. The value floaded into 


TPR.CA is symbolzied by “y 


Tm 
Value 


Table 6-1 


Modifier Type 


Register (R) 


Register Then 


Indirect (RI) 


Indirect Then 
Tatty (IT) 


Indirect Then 
Register (IR) 
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in the descriptions following. ~ 


General Offset Modification Typas 


Descriotion 


The contents of the designated register, Td, are 
added to the current Computed Address to form the 
modified Computed Addodress. Addition is two's 
complement, modulo 2**18 and overfiow is not 
possible. 


The contents of the designated register, Td, are 
added to the current Computed Address to form the 
modified Computed Address as for Register 
modification. The word at C(TPR.CA) is then 
fetched and interpreted as an [Indirect Word. The 
TAG field of the Indirect Word specifies the next 
step in Effective Address formatione The use of 
du or di as the designator in this modification 
type wili cause an [tlegal Procedure, I!ftega! 
Modifier Faulf. 


The [Indirect Word at C(TPR.CA) is fetcned and the 
modification performed according to the variation 
specified in Td amd the contents of the Indirect 
Wor de This modification tyose alfiows automatic 
incrementing and decrementing of addresses and 
tally counting. 


Tne register designator, Td» is safe-stored in a 
speciat hotdinjz register (CT-40LD)-. Tne word at 
the current C{TPR.CA) is fetchad and interpreted 
as an Indirect Word. The TAG field of tne Indirect 
Word specifies the next step in Effective Address 
formation as follows: 


If Indirect 


IAG isz then: 


R or Perform Register modification using Td 
IT from CT-HOLD. 
RI Perform the Register Then Indirect 


modification immediately and fetch the 
next Indirect Word from the result of 
that modification. 


Ir Replace the safe-stored Td value in 
CT- FOLD with the Td vatue of the 
Indirect Word TAG field and fetch the 
next Indirect Word from tne ADDRESS 
given in the Indirect Word. 
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Effective Address Formation Floncharts 


Tne atgorithmic ftlowcharts depicting the Effective Address’ formation 
process are scattered throughout this section and are linkad together with “Go 
to" labels. The flowcnart starts with Figure 6-2 below. 


4 Interpret NV 
\ Tm 4 


1 Tm=R ! Tm=RI } Tm=IT $ Tm=IR 
¢ e v ¢ 
Go to Go to Go to Go to 
START QTART START — START 
RI MOD II 00 IR 4Q0 


(Figure 6-3) (Figure 6-4) (Figure 6-5) (Figure 6-6) 


Figure 6-2 Common Effective Address Formation Flowchart 


Register (R) Modification 


In Register modification (Tm = 0) the vatue of Td designates a register 
whose contents are to be added to C(TPR.CA) to form a modified C{TPR.CA). This 
modftied CCTIPR.eCA) becomes the Effective Address of the operand. See Table 6-2 
and Figure 6-3 below for details. 


EXAMPLESS 
Label Instruction Effective Address 

ie a ida y y 

2e a sta yen y 

Se a tdaq y,au y + CCA)0,17 

he a tra 3,ic : a+ 3 

De a tdq y,du y; operand has the form 
zero y,D 

be a ixi& yedl yY3; operand has the form 
zero Dey 

7 a mpy vol y + C(X4) 

Be a stx4 vo7 y * C(X7) 
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(NOTES Aft 


Table 


exanples 


Td Register 
Value Selected 


1 
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none 
A0,17 
Q0,17 


none 


PPReIC 
A18,35 
Q18,35 


none 


x0 
Xi 
X2 
x3 
X4& 
x5 
x6 


X7 


6-2 Register Modification Decode 


start with fhe preliminary step, y ~-> CC(TPR.CA)) 


Coding 
Hnemonic 


n 


or null 


au 
qu 


du 


ic 
al 
ai 


dj 


or 
or 
or 
or 
or 
or 
or 


or 


x0 
x1 
x2 
x3 
x& 
x5 
xo 


x7 


Effective 
Address 


y 
y + C(A)0,17 
y + €(Q)0,17 


ys y becomes fhe uppe~ 18 
the 36-bit zero filled 


y + C(PPR.IC) 
y + CCA)18,35 
y + €(Q)18,35 


y; y becomes the fowe~ 18 
the 36-bit zero filled 


y + C(X0) 
y # C(X1L) 
vy + C{xX2) 
y # CCX3) 
y + C(X4) 
y + C(X5) 
y + C(X6) 


y + C(X7) 


bits of 
operand 


bi ts. of 
operand 


AL39 


R on 
BRnres Paes 
4 \ 
Yes / Td=0? \N 
i \ 4 
3 \ 7 
i ‘ 
3 3 No 
H FONEEN Ronee 
$ / \ 
t 4 des NcYes 
H XN or 7? A i 
! ee 2 & 
i 3 i i] 
3 1 No ! Set Oirect Operand Flag } 
i ¥ i Form Operand 3 
+ $3 3 H - l 
3 i c=Td 3 i 
3 31 Effe Addre = i a 
$ & CCTPR.CA) + Cle) 2 ’ 
$ jo ee aE 3 
i 3 3 
toe cere r- o>) Ker w rome e se eee ere ce acienathetataiend --+ 
v 
ENQ £A 


. Figure 6-3 Register Modification Flowchart 


Register Then Indirect (RI) Modification 


In Register Then Indirect modification (Tm = 1) tne vatue of Td designates 
a register whose contents are to be added to C{TPR.CA) to form a modfied 
C(TPR.CA). Tnis modified CC(TPR.CA) is used an as Effective Address to fetch an 
Indirect Worde The ADDRESS fieid of the Indirect Word is loaded into FPR.CA and 
the TAG field field of the Indirect Word is interpreted in tre next step of an 
indirect chain. The TALLY field of the Indirect Word is ignored. 


The indirect chain continues until an Indirect Word TAG field specifies a 
modification without indirection, namely, a Register moditication. 


The coding mnemonic for Register Then Indirect modification is ¢* where ec 
is any of the coding mnemonics for Reygister modification as given in Table 6-2 
above except du and die The du and dl register codes are illegal and will cause 
an It¢t¢egal Procedure, I[!tegal Modifier fault. See flowchart in Figure 6-4 
belowe 
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EXAMPLESS 


Le 


Ze 


3. 


be 


Label 


coe 


o+C (X90) 
ceC(Xh) 


Figure 6-4 
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Iosteuction 
tda b,* 
arg y¥ 


ida oe1i* 
arg Yeasu 


tra &,ic® 
arg c,*® 
arg y 


txt& b,0* 


arg Cei* 
arg yedi 


START 
2 


poem) eee 
4 \ 


Effective Address 


y * C(A)0,i7 


¥Y3 operand has fhe form 
zero Ovy 


4 Td=3 Ned OS 


N or 7? @4 


4 Td=0? AVN 
/ 
Nese 
Yes 


Wa. 


Indirect Word 
Fetch 

APPEND CYCLE 

(Figure 5-4) 


pre a we ce cn se 


Go to 


aIART EA 
(Figure 6-2) 


i 
¢ 


Ittlegal Procedure, 
Illegal! Modifier Fault 


Qc Sone. @ 


fro ae co we os oo} 


| 
a 
3 : 
! c=td { 
1 Effe Addr. = 3 
i CCTPReCA) + Clr) 3 
Sa ar 


f€ewe ew ee ewweoeene ewewon} 


Register Then Indirect Modification Flowchart 
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Lodirect Then Register (IR) Modification 


In Indirect Then Register modification (Tm = 3) tne value of Td designates 
a register whose contents are to be added to CUTPR.CA) to form the final modfied 
C(TPR.CA) during tne last step in tne indirect chain. Tne value of Td is 
satfe-stored in a special holding register, CTI-HOLD. The inital CCTPR.CA) is 
used an as Effective Address to fetcn an Indirect Word. The ADDRESS fietd of 
the Indirect Wora is toaded into TPR.CA and the TAG fietd field of the Indirect 
Word is interpreted in the next step of an indirect chain. Tne TALLY field of 
the Indirect Word is ignored. 


It the Indirect Word TAG field specifies a Register Then Indirect 
modification, that modification is performed and the indirect chain continues. 


If the Indirect Word TAG field specifies Indirect Then Register 
modification, the Td vaiue from that TAG field replaces tne safe-stored Td value 
in CT-HOLD and the indirect chain confinues. 


If the Indirect Word TAG specfies Register or Indirect Then Tally 
modification, that modification is replaced with a Register modification using 
the Td value safe-stored in CT-HOLOD and the indirect chain erdse 


The coding mnemonic for Indirect Then Register modification is *¢ where fe 
is any of the coding mnemonics for Register modification as given in Table 6-2 
above except null. 


= 


EXAMPLES3 
Label instruction Effective Address 
ie a Iida bey*n ({CT-HOLD = n) 
b arg ye2 y 
Ze a txl2 by, *di (CT-HOLD = dt) 
b sta y,au y3 operand has the form 
zero Ovy 
3e 3a Iida b,*1 (CT-HOLD = xi) 
b arg can* 
c arg d,y*4 (CT-HOLD = x4) 
d arg yeal y + COX4&) 
be a idx b,i* 
b+C (X1) arg cy*ic (CT-HOLD = ic) 
c arg 5,di a+5 
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START 
TR oo 
i 
eaeiennes Deere eee 
: : 
1 Td -> CI-HOLD 3 
| Sanaa 1 


fone n- +--+ ---------------- >} 


3 

i 

Fetch 1 

APPEND CYCLE 3 

(Figure 5-4) 1! 

e teen i 
! 


Bi A 

/ \ 
/ Interpret \ 
\N Indirect TAG 7 


= 
i Indirect Word 
H 
H 
3 


Sanne eee eee A a a 
3 H 3 
1 Tm=RI { Tm=IR $ Tm=R or IT 
Soe $ < aes, Saennenres ae ten 
i Hy Go to 3 i 
i c=Td i START $ c=CT-HOLD H 
1 Eff. Addr. = 3 ZR MOD 3 Eft. Addre = 3 
g $ C(TPReCA) + C€r) 3 1 C(TP2.CA) # Cl rd 3 
ae oak | ke eee ee RT 6 


w2----------4 . ¢ 


. END EA 


2a Oe ae oe Oe Be 22 SO CO He on Be On On Oo OF ce SP Ob OS ce OO GO Of 
ao 


Figure 6-5 Indirect Then Register Modification Fiowchart 


Indirect Then Tally (11) Modification 


In Indirect Tnen Tally modification (Tm = 2) the value of Td specifies a 
variation. Tne inital CCTPR.CA) is used an as Effective Address to fetfcn an 
Indirect Worde The Indirect Word is interpreted and possibly aftered as _ the 
modification is per formede 


Tne TALLY field of the Indirect Word is used to count references made to 
the Indirect Word. It has a maximum range of &4096. If tne TALLY field has fhe 
value 0 after a reference to the Indirect Word, tne Taily Ruxout indicator witl 
be set ON» otherwise fhe Tally Runout indicator wit! be set OFF. The vaiue of 


@ 


the TALLY field and the state of tne Tally Runout indicator nave no effect on 
Effective Address formatione 


WARNINGS If there is nore than one Indirect Word in an indirect chain trat is 
referenced by a tally counting modification, orly the state of the 
TALLY field of the last such word wil! be reflected in the Tally 
Runout indicatore 
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The variations of the Indirect Then Tally modification are given in Table 
6-3 below and explained in cetail in fhe paragraphs following. See flowchart in 
figure 6-6. Those entries given as “Undefined” cause an Itlegal Procedure; 
Iifegai Modifier Fault. (See “Effective Address Formation Involving So0th 
Segment Number and Offset* later in this section for certain special cases.) 


Table 6-3 Variations of Indirect Then Taity Modification 


Td Coding 
Yatue Mnemonic Variation Name 
0 1 Fault Tag 1 
1 Undefined 
2 Undefined 
3 Undefined 
& sd Subtract Delta 
5 scr Sequence Character Reverse 
6 f2 Fault Tag 2 
7 3 Fault Tag 3 
* 10 ci Character Indirect 
12 i Indirect 
12 sc Sequence Character 
13 ad Add Delta 
14 di Decrement Address, Increment Tally 
15 dic Decrement Address, Increment Tally, and Continue 
16 id Increment Address, Decrement Tally 
17 idc Increment Address, Decrement Taily, and Continue 


Fault Tag 1 (Td = 0) 


Effective Address formation is terminated immediately and a Fault Tag 
4 Fault is generated. A Fault Tag i Fault executes the Fault Trap 
pair at C+ 6 where the value of C is obtained from the FAULT BASE 


switches on the Processor Configuration panet. 


This variation may be used in Indirect Word or program control 
transfer vectors or tree structures to signal invalid entries or 
entries that require special handlinge C(TPR.CA) at the time of the 
fauit contains the Effective Address of the word sontaining the Fault 
Tag i modification. Thus, the ADDRESS and TALLY fields of that word 
may contain information relative to recovery from the faulte 
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Subtract Delta (Td = 4) 


The TAG field of the [Indirect Word Is interpreted as a 6-blt, 
unsigned, positive address increment values delta. For each reference 
to the Indirect Word, the ADDRESS field is reduced by delta and the 
TALLY fieid is increased by 1 before the Effective Address is forned. 
ADDRESS aritnmetic is modulo 2**18., TALLY arithmetic is modulo 4096. 
If the TALLY fietd overflows to 0, the Taily Runout indicator is set 
ONs Otherwise it is set OFF. The Effective Address is the value of 
the modified ADDRESS field. 


EXAMPLES 
Reference Effective Tally 
Label Instruction Count Address /Yaiue 
a 5 ida b,ad 1 c-d tei 
b vid 18/c,12/t»6/d 2 c-2d t#2 
3 c-3d T+3 
o c~nd ttn 


Sequence Character Reverse (Td = 5) 


Bit 30 of the TAG fieitd of the Indirect Word is interpreted as a 
character size flags tbh» with the vaiue 0 indicating 6-bit characters 
and the value ti indicating 9-bit characters. Bits 33-35 of tne TAG 
field are interpreted as a 3-bit character position counter, cf. Bits 
31-32 of tne TAG field must be zero. 


For each reference to the [ndirect Word, the character counter, cfs is 
reduced by i and the TALLY fieftd is increased by 1 before the 
Effective Address is formed. Character count arithmetic is modulo 6 
for 6-bit characters and modulo & for 93-bit characters. If the 
character counts cfs underflows to -1, it is eset to 5 for 6-bit 
characters or to 3 for 93-bit characters and ADDRESS is reduced by ti. 
ADDRESS arithmetic is modulo 2**18. TALLY arithmetic is modulo 4096. 
If the TALLY field overfiows to 0, the Taifly Runout indicator is set 
ON, otherwise it is set OFF. The Effective Add-ess is the modified 
value of the ADDRESS field. 


A 36-bit operand is formed by high-order zero filling the vatiue of 
character cf of ADDRESS with an appropriate number of bits. 


EXAMPLES? 
: Reference Effective Taliy 
Label Instruction Count cf Address Yalue Qoerang 
a ida byscr 1 2 c+i t+1 00...0"I™ 
b vfd 18/c+1,12/t,1/0,5/2 2 1 c+1 tte2 00ee00%H™ 
c bei “ABCOEFGHIJKL® 3 0 c+ t+3 00.2206" 
4 5 Cc Tt4 ODeee I “*F™ 
5 & c t#+5 00.e.0"E” 
a ida bsscr 1 2 ct+1 t+1 DOeee0"g™ 
b vfd 18/c+1 5412/4 ,1/1,5/2 2 1 ctl t+#2 OD 0"f” 
c aci “abcdetgh* 3 0 c+1 t+3 00.<«e0"e" 
& 3 c T+& ODee.D0"%d™ 
5 2 c +5 O0ee.0"%c™ 
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Fault Tag 


WARNINGS 


Fault Tag 


Character 


Indirect 


2 (Td = 6) 


The action for this variation is identical to that for Fault Tag 1 
except that fhe Trap Pair at C + 60 (actal) is executed. 


Fault Tag 2 is reserved to the Multics operating system for use in the 
Dynamic Linking feature. Ifs attempted use for otyer purposes could 
cause serious system inconsistencies and/or system crashese 
3 (Td = 7) 
The action for this variation is Identical to that for Fault Tag 1 
except that the Trap Pair at C + 62 loctal) is executed. 
Indirect (Td = 10) 
Bit 30 of the TAG fieid of the Indirect word is interpreted as a 
character size flags the with the value 0 indicating 6-bit characters 
and the value 1 indicating 93-bit characters. Bits 33-35 of the TAG 
field are interpreted as a 3-bit character position values cf. Bits 
31-32 of tne TAG field must be zero. 
If the cnhaacter position value is greater than 5 for 6-bit characters 
or greater than 3 for: 93-bit characters, an Lilegal Procedure, Iitegai 
Modifier Fault will occure The TALLY field is ignored. The Effective 
Address is the vatue of the ADDRESS field. 
A 36-bit operand is formed by high-order zero filling the vaitue of 
character cf of ADDRESS with an appropriate number of bits. 
EXAMPLES: 
Label Instruction Operand 
a ida beci 
b vfd 18/c+1,12/0,1/0, 5/2 O0eeed“I* 
c bei “ABCOEFGHIJKL™ 

tda deci 
d vfd 18/¢512/091/0,5/1 00e..9"8" 

ida e,ci 
e vfd 18/f512/091/1,5/3 00...0"%0" 
t aci “abcdefgh™ 

{ida g,ci 
9 vid 18/f+1.412/051/1,5/0 00.2-0"%e” 
(Td = 11) 


Tne Effective Address is the vaiue of the ADDRESS fietd. Tne TALLY 


and TAG fields are ignorede 


Sequence Character (Td = 12) 


Bit 30 of tne TAG field of tne Indirect Word is interpreted as a 
character size flage ths with the value 0 indicating 6-bit characters 
and the value 1 indicating 39-bit characterse Bits 33-35 of fhe TAG 
field are interpreted as a 3-bit character position counter, cf. Bits 
31-32 of the TAG field musf ve zeroe 
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Add Deita 


Oecrement 


For each reference to the Indirect Word, the character counters cise is 
increased by 1 and the TALLY ftielid is reduced by 1 after the Effective 
Address is formed. Character count arithmetic is modulo 6 for 6-bit 
characters and modulo & for 93-bit characters. If the character counts 
cis overflows to 6 for 6-bit characters or to & for 39-bit characters, 
it is reset to 0 and ADDRESS is increased by ie ADDRESS aritnmetic is 
modulo 2**18. TALLY arithmetic is modulo 40996. If the TALLY field is 
reduced to QO, the Tally Runout indicator is set ON, otherwise it is 
set OFF. The Ef fective Address is the original unmodified vatiue of 
the ADDRESS field. 


A 36-bit operand is formed by high-order zero filling tne vaiue of 
character cf of ADDRESS with an appropriate number of bits. 


EXAMPLES’ 
Reference Effective Tally 
Label Instruction Count cf Address Value Qperand 
a ida b,sc 1 & c t-1 00.2.0°E” 
b Vtfd 18/Ce912/t.1/0,5/7% 2 5 c t-2 DD. O"F™ 
c bei “ABCOEFGHIJKL™ 3 0 c+i t-3 DD.0.0%G™ 
& 1 c+i t-4& 00e<«.0"H™ 
5 2 ct+i t-5 00-2-0"%I™ 
a Ida b,sc 1 2 c t-1 ODeeeD“c™ 
b vfd 18/c,12/t,1/1,5/2 2 3 c t-2 00...0°%a" 
Cc aci “abcdefgh™ 3 i) c+1 t-3 ODe«e 0”%e™ 
4& i c+i t-& 00.-.0”%f" 
5 2 gti t-5S DOeee0%g™ 
eee 
(Td = 13) 


Tne TAG fieid of the Indirect Word is interpreted as a 6-bif, 
unsigned, positive address increment value, deitae For each reference 
to the Indirect Word, the AODRESS field is increased by delta and the 
TALLY field is reduced by 1 after the Effective Address is formed. 
ADDRESS arithmetic is modulo 2**18. TALLY aritnmetic is modulo 4096. 
If the TALLY field is reduced to 0, the Taliy Runout indicator is set 
ON» ofherwise it is set OFFe The Effective Add-ess is tne vaiue of 
the origina!s unmodified ADDRESS fielde 


EXAMPLE? 
Reference Effective Tatty 
Label Zostruction Count Qddress Yalue 
a ida bead i c t-1 
b vfd 18/cei/t,6/d 2 cod t-2 
3 c-2d t-3 
ia) c-(n-1)d t-n 


Address, Incremant Taily (Td = 14) 


For each reference to the Indirect Word, tne ADDRESS fietd is reduced 
by 1 and tne TALLY field is increased by 1 pefore the Effective 
Address is formed. ADDRESS arithmetic is modulo 2**18. TALLY 
aritnmetic is modulo 4996. If the TALLY field overfiows to 0, the 
Tally Runout indicator is set ON, otherwise it is set OFF. Tne TAG 
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tield of the Indirect Word is gnored. The Effective Address is the 
value of the moditied ADDRESS field. . 


EXAMPLES 
Reference Effective Tally 
Label Instrcuc tion Count Address Value 
a (da bedi {.° cm-l T4i 
b vid 18/c,1i2/t 2 c-2 te2 
: 3 c-3 " $43 
o c-o ttn 


Decrement Address, Increment Tatty, and Continue (Td = 15) 


The action for this variation is identical to that for the Decrement 
Address, Increment Taity variation except that tne TAG field of the 
Indirect Word is interpreted and continuation of the indirect chain is 
possibite. If the TAG of the Indirect Word invokes a register, that 
iS» specifies Ry, RIe or IR modification, the effective Td value for 
the register is forced to “nul!"™ before the next Effective Address is 
formed. , 


Increment Address, Decrement Talty (Td = 16) 


For each. reference to the Indirect Word, th ADDRESS fietd is 
increased by 1 and the TALLY fieltd is reduced by 1 after tne Effective 
Address is formed. ADDRESS arithmetic is modulo 24**18,. TALLY 

= arithmetic is modulo 4096. If the TALLY field is reduced to 0, the 
Taity Runout indicator is set ON, otherwise it is set OFF. The TAG 
field of tne Indirect Word is ignored. The Effective Address is the 
value of the original unmodified ADDRESS field. 


EXAMPLES 
Reference Effective Tatty 
Label Instcuction Count Address Yaiue 
a ida b,id i c tei 
b vfd 18/cy,i/t 2 cm-l t-2 
3 c-2 t-3 
Qo e-(n-1) t- 


Increment Address, Decrement Tally, and Continue {Td = 17) 


The action for this variation is identical! to that for the Increment 
Address, Decrement _Tatty variation except that the TAG field of the 
Indirect Word is interpreted and continuation of the indirect chain is 
possible. If tne TAG of the Indirect Worc invokes a register, that 


iS, specifies Rs RIy or IR modification, the effective Td value for 
the register is forced to “null™ before the next Effective Address is 
formed. 
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START 


It sop 
3 
Ittegal Procedure, | Fault Tag le 2, 
Iitegal Modifier Fault / \ or 3 Fault 
ABORT / Interpret \N ABORT 
Tt \ Td / T 
1 Td=undef . eee / 1 Td=fist2,f3 
anno wam—>] €152,3) i 3 €0-56,7) 
Be a ae 
4 $ | 
1 Td=ci,sc,ser & Td=i,adysdedi,id ? Td=dic,idce 
2 €1051245) $ €114,1354,14,16) i (15,17) 
Set ee RS LRM ee ee Seek, peers 
: 3 


‘ i i 
Indirect Word 3 ! Indirect Word ! $ Indirect Word 3 
Fetch i 1 Fetch H i Fetcn i 
APPEND CYCLE 2 1 APPEND CYCLE 1 $ APPEND CYCLE 1! 
(Figure 5-4) ! : (Figure 5-4) H 3 (Figure S-4) 3 


fre wo aw we om on 


be 2 @e we oe Be ee &e fe ot om ve oF oe up 


ac a te ( ERO ee ey eee L Ree ere, 8 
i i 3 
eee fees i eee, fener 
/ N i : i 
L.No_/7 Legal cEN HY 1} TALLY and 3 
\ value? / | $ form Eff. 3 
AN 4 ‘ | t Address 2 
t i ) nee 5 
1 Yes Hy 3 
i 3 PA, cere 
1 <-e-e-- we mer eee cement vA \ 
- est ee oe 4 Interpret \ 
3 3 ‘\ Indirect TAG/ 
$ TALLY and 3 a 4 
$ form Eff. ! i 
{1 Addre as 13 __k 
i required ! i 3 
i 3 { Tm=R 3 Tm=RI Tm=IR or IT 
i 3 é 
§ deem m er oe eer eo} i i 
v t Indirect Word 
END EA ! Fetch i 


3 APPEND CYCLE 3 

i (Figure 5-&) 3 

| eae Menara Reena me! 
iY 


poomnmmnen =neseaee > 


GP ma 20 on OF oe ce 22 Be GH 60 os 88 


30 to 


alT&Rt EA 
(Figure 6-2) 


Figure 6-6 Indirect Then Tally Modification Flowchart 


EFFECTIVE ADDRESS FORMATION INVOLVING BOTH SEGMENT NUMBER AND OFFSET 


The second type of Address Formation attows formation of a modified Segnent 
Number and a modified Offset simultaneously. See Figure 6-10, Effective Segnent 
Number Generation Flowchart, for details. 
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Ihe Use of Bit 29 of tne Instruction Word 


In the foregoing discussion of Effective Address Formation Involving Offset 
Onty it was noted that a preliminary step of loacing the ADDRESS field (y) of 
the Instruction Word into C(TPR.CA) was performed befoare the specified 
modification was carried out. C(TPR.CA) was then used as ore data input to the 
modification processe 


If bit 29 of the Instruction Word is set to “1i", so-called Pointer Register 
modification is invoked and the preliminary step is executed as folfowss 


1e The ADDRESS fieid of the Instruction Word is interpretej as shown in Figure 
6-7 belowe . 

Ze CC PRpeSNR) -> CCTPR.TSR) 

3e Maximum (C(PRgeRNR)», COUTPReTRR)» CIPPRePRR)) -> CLTPReTRR) 


&. C(PRop-WORDNO) + OFFSET -> CC(TPR.CA) 


0 0 0 i 
pee Ry. Serene eee eer eR eT A 
i 3 i 
$ PRo ? OFFSET H 


Figure 6-7 Format of Instruction Word ADDRESS When Bit 29 = i 


After this preliminary step is performed, Effective Address Formation 
proceeds as discussed above or as discussed for the Special Modifiers below. 


S ial Moditi 


Whenever fhe Processor is forming an Append Mode Effective Address two 
speciaf Address Modifiers may be specified and are effective under certain 
restrictive conditions. The special Address Modifiers are snown in Tabie 6-4 
below and discussed in the paragraphs followinge 


The conditions for which the special Address Modifiers are effective are as 
fotlows: 


le The Processor must be forming an Append Mode Effective Address, that is, it 
must be in Append Mode or iin Absolute Mode witn bit 29 set in the 
Instruction Word. 


2e The Instruction Word (or previous Indirect Word) must sosecify [ndirect Then 
Register or Register Then Indirect modification. 


3e The Effective Address for the Indirect Word must be ever. 
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If any of these conditions is violateds the special Add-ess” Modifier wiilt 
be interpreted as a normal Address Modifier and wll! cause a1 Illegal Procedure, 
Itlegat Modifier Fault. 


Table 6-4 Speciai Append Mode Address Modifiers 


TAG Coding 

Yalue Mnemonic Modification Name 
41 itp Indirect to Pointer 
&3 its Indirect to Segment 


INDIRECT TO POINTER CITP) MODIFICATION 


If the conditions above are satisfied, the Processor examines the TAG field 
of the Indirect Word for tne vatue &1l foctal). If that value is found, the 
Indirect Word-pair is interpreted as an ITP Pointer Pair (See Figure 6-38 below 
for format) and the following actions take piace? 


For pn = CCITP.~PRNUM) 3 
COPRpe SNR) => COTPRATSR) 
- maximum (COPRHeRNR)» CCSOWRI)» CUTPReTRRII -> CCTPRITRRI 

C(ITP.BITNO) -> CC TPR. TBR) 

C(PRpeWORDNO) + CCITP.WORDNO) + C(r) -> CCTPR-CA) 

where’ 

ie r= C(CT-HOLD) if the TAG field of the Iastruction Word or 
preceding Indirect Word specified Indirect Then Register 
modification, or 

Ze rc = CCITPeMOD.Td) if the TAG field of the L[»struction Word or 
preceding Indirect Word specified Register Then Indirect 
modification and ITP.MOD specifies either Register or Register 
Then Indirect modification. 

3e SOWeR1 is the upper limit of the read/write Ring Bracket for the 


segment CCPROeSNR) « (See Section VIII, Hardware Ring 
Implementat ione) 
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Even Word 


0 60 | | 23 3 
! : 3 : 
2PRNUM!{O ODOC 00000000 00000000 0000003 (4198 i 
8 a a a 

3 | 27 6 
Qdd Word 

0 14 22 22 23 3 
a a et ee 9 a 
3 j t 3 } i i 
: WORDNO 10 0 03 BI TNO 10 0 03 MOD ] 
5 Ree a a 

18 3 6 3 6 


Figure 6-8 ITP Pointer Pair Format 


Field 
Name Meaning 


PRNUM The number of the Pointer Register through which to make the 
segment reference. 
WORONO A word offset value to be added to C(PRp.- WORDNO). 
“ BITNO A bit offset vatue for the data iten. 


MoD Any normal Address Modifier (net itp or its). 


INDIRECT TO SEGMENT (ITS) MODIFICATION 


If the conditions above are satisfied, the Processor examines the TAG fleld of 
the Indirect Word for the vaiue 43 (octal). If that value is found, the 
Indirect Word-pair is interpreted as an [TS Pointer Pair (See Figure 6-9 below 
for format) and the following actions take places , 


CULTS.SEGNO) -> CCTPR.TSR? 
maximum (CCITSsRN)» CCSDWeRL)» CUTPReTRRI) -> CUTPReTRR) 


CCITS-BITNO) -> C(TPR.TBR) 


CCITS»WORDNO) *# Ce) -> CCTPRCA) 


wheres 


ie c = C(CT-HOLD) if the TAG fietd of the Instruction Word or 
preceding Indirect Word specified Indirect Then Register 
modifications or 


2e c = Ci(ITP.MOD.TG) if tne TAG field of the Instruction Word or 
preceding Indirect Word specified Register Then Indirect 
modification and ITP.MOD specifies eitner Register or Register 
Then Indirect modificatione 
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3e SOW.RL is the upper timit of the read/write Ring Bracket for the 
segment CCITSe«SEGNO). (See Section VIII, Hardware Ring 
Implementation.) 


Even Word 


0 6060 8 11 22 23 3 
a 
: : : : : : 
10 0 08 SEGNO 1 RN 30000000008 (4398 3 
j Enns LERe ones eee wns o naar SoU TE SuSE Ie SESE TIENN Sense eee CRC TE EES! Mate eee? f 

3 2189 3 9 6 
Odd Word 

o ti: Jere 22 23 3 
ae Dh Tt 
t +. : 3 ‘ 1 
: WORONO 10 0 Of BITNO 100 03 MOD i 
| LESS ener eRe ee RS RNS Cee EEN SATAN Lema aE! 6 

18 3 6 3 6 


Figure 6-9 ITS Pointer Pair Format 


Field 
Name Meaning 
i SEGNO The number of the segment to be referenced. 
WORONO Word of fsef to be used in the effective address formation. 
BITNO The bit offset for the data item. 
MoD Any valid normal Address Modifier. 


Effective Seament Number Generation 


Tne details of Effective Segment Number generation are shown in the 
flowchart in Figure 6-10 belon. 
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/ \ ; 
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\ Word fetch? / 3 
\ —_ / ene, LECT 
H 4 \ 
2 No Y RI or IR & N_Yes 
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H 3 3 
i $ No ‘ 
§ Cee eww ewe ern on een i 
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Figure 6-10 Effective Segment Number Generation =lowchart 
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B 
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\ Operand? / Hy 
\ ef DEC E eR NE: MERE reer 
' CY) 3,17 -> H 
1 No { CCPPR.PRR) i 
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Figure 6-10a Effective Segment Number Generation Flowchart (Con't.) 


EFFECTIVE ADDRESS FORMATION FOR EXTENDED INSTRUCTION SET 


A flowchart of the steps involved in Operand Descriptor Effective Address 
Formation is shown in Figure 6-11 below. The flowchart depicts the Effective 
Address Formation for operand kk as described by its Modification Fields MFke 


This Effective Address Formation is performed for each operard as its Operand 
Descriptor is decodede 
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NOTE 13 


NOTE 23 


START 
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' / N 
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C(PRn), Clr) 3 
seaeiancrisey Va maaEas ae 
¢ 
END 
EIS €A 


ee 20 88 ef we 


Figure 6-11 EIS Effective Adress Formation Floachart 


The symbot “Y” stands for the contents of the AODDWESS field of the 
Operand Descriptor. The symbols “CN™ and “C" stand for the contents 
of the Character Number field. Tne symbol “B™ staxds for the contents 
of the Bit Number field. 


Tne algorithms used in fhe formation of the Effective Wor d/Char/ Bit 
Address are described in “Chnaracter- and 8it-String Addressing" 
fol lowinge 
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Character- and Bit-String Agdressing 


Tne Processor represents the Effective Address of a character- or 
bit-string operand in three different forms as follows: 


Le Pointer Register Forn 


This form consists of a word value (PRn.WORINO) and a bit value 
(PRpeBITNO). The word vaitue is the word offset of the word containing 
the first character or bit of ftne operand and the sift value is tne bit 
position of that character or bit within tne word. This form is seen 
when C{(PRn) are stored as an ITS Pointer Pair or as a Packed Pointer 
(See “Indirect to Segment (its) Modification” eartier in this 
Section)e 


2e Address Register Form 


This form consists of a word value (ARpeWORDNO), a character number 
CARDQeCHAR), and a bit vaiue (ARQ.BITNO).j The word vaiue is the word 
offset of the word’ containing the first character or bit of the 
operand. The character number is the number of tne 9-bit character 
containing the first character or bite The bit value is the bit bit 
position within ARgeCHAR of the first character or bite This form is 
seen when C(ARQ) are stored with the Store Address Register n (SAR) 
instructione 


3e Operand Descriptor Forn 


= This form is valid for cnaracter-string operands onlye If consists of 
a word vaiue (ADDRESS) and a character number (CN). Yhe word value is 
the word offset of the word containing the first character of the 
operand and fhe character number is the number of that character 
within tne word. This form is seen when C(ARn) is stored with the ARg 
to Atphanumeric Oescriptor (ARAn) or ARn to Numeric Descriptor  (ARNn) 
instructions. (The Operand Descriptor form for bit-string operands is 
identical to the Address Register form.) 


NOTE The terms “Pointer Register™ and “Address Register" both apply to the 
same physical hardware register. The distinction arises from the 
manner in which the register is invoked and used and in the 
interpretation of the register contents. “Pointer Register” refers to 
the register as used by the Appending Unit ana “Address Regis ter™ 
refers to the register as used by the Decimal unit. 


Tne three forms are compatible and may be freely intermixed. For example, 
PRp may be loaded iin Pointer Register form with the Effective Pointer to PRhp 
(EPPn) instruction, then modified in Pointer Register form «ith the Effective 
Address to Word/8it Number of PRnp (EAHPQ), then further modified in Address 
Register form (assuming character size kk) with the Add k-Bit Displacement to 


Address Register (Ak5D) instruction, and finaily invoxed ir peered Jescer iptor 
form by the use of MF.AR in an EIS Multiword instruction. 


Character-_ and Bit-String Address Arithmetic Algorithms 


Tne arithmetic algorithms for caiculating characte*=- and bit-string 
addresses are presented below. The symbols “ADDRESS” an3 “CN™ represent the 
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ADDRESS and CN fields of the Operand Descriptor being decoded. “rp and “p* are 
set according to the flowchart in Figure 6-11 above. If either has the vaiue 
“null, the contents of alli fields shown is identicatly zero. 


9-BIT CHARACTER STRING ADDRESS ARITHMETIC 


n 


Effective BITNO 9000 


Effective CHAR (CN + CCARD.CHAR) + Clr)) modulo & 


ut 


‘Effective WORONO ADDRESS *+ CCARn-WORDNO) ¢ 


(CN + CCARD.CHAR) + C( rd) 7 & 


6-BIT CHARACTER STRING ADDRESS ARITHMETIC 


Effective BITNO. = (9*CCARQeCHAR) + 6*C(r)? + CLARpeBITNO)) modulo 9 


Etfective CHAR ((9*CCARQ-CHAR) * 6*Clc) + CL ARQeBITNO)) modulo 36) / 9 


Effective WORDNO = ADDRESS + ClARQ.WORDNO) + 
(9FCCARD CHAR) + GFC(r) + CLARQBITNO)) / 36 


4-BIT CHARACTER STRING ADDRESS ARITHMETIC 


Effective BITNO = & * (CCARQeCHAR) + 2*Cic) + CLARNe BITNI)I/4) modulo 2 + 1 
Effective CHAR 


((9*CCARDCHAR) + &*C(r) + CLARDeSITNO)) moduld 36) / 9 
Effective WORDNO 


ADDRESS *¢ CCARQeWORDNO) + 
(9*CCARDeCHAR) + 4*FCl(r) + CLARQeBITNO)) / 36 


BIT STRING ADDRESS ARITHMETIC 


Eftective BITNO (9*C CARDe CHAR) + 36*C(r) # CUARQBITNO)) modulo 9 


Effective CHAR C(I9*CCARQeCHAR) + 36*C(r) + CLARQBITNI)) modulo 36) 7 9 


Effective WORDNO ADDRESS + C(ARneHORDNO) + 


(S*CCARQCHAR) + 36°C(r) + COARNeBITNO)) / 36 
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SECTION VII 


FAULTS AND INTERRUPTS 


Faults and Interrupts both result in an interruption of normal sequential 
processing, but tnere is a difference in now they originate. Generally, Faults 
are caused by events or conditions fhat are internal to the Processor and 
Interrupts are caused by events or conditions that are external to the 
Processor. fFauitts and Interrupts enable the Processor to respond promptty ahen 
conditions occur that require system attention. A unique wotd-pair is dedicated 
for tne instructions to service each Fault and Interrupt condition. The 
instruction pair associated with a Fault is calied the Fault Vectore The 
instruction pair associated with an Interrupt is called the [Interrupt Vector. 


FAULT CYCLE SEQUENCE 


Fottowing the detection of a Fault condition, the Controft Unit determines 
the proper time to initiate the Fauit Sequence according to the Fault Group. At 
that time, the Contro! Unit interrupts normal! sequential orocessing with an 
Abort Cycle. Tne Abort Cycie brings all overlapped and asynchronous functions 
within the Processor to an orderly halt. At the end of tne Abort Cycie, the 
Control Unit initiates a Fault Cycle. 


In the Fault Cycle, the Processor safe-stores the Control Unit Data (See 
Section IV, Program Accessibte Registers) into program-invisible thotding 
registers in preparation for a Store Control Unit (SCU) instruction, tnen enters 
Temporary Absolute Mode and generates an Effective Address for the Fault Vector 
by concatenating the setting of the FAULT CONTROL switcries on the Processor 
Maintenance panel with twice the Fault Number (See Table 7-1). This Effective 
Address and the Operation Code for tne Execute Double (KED) instruction are 
forced into the Instruction Register and executed as an instctuctione Note that 
the execution of the instruction is not done in a normal Execute Cycle but in 
the Fault Cycte with the Processor in Temporary Absolute Mode. 


If the attempt to tetch and execute the instruction oair at the Fault 
Vector results in anotner Fault, the current Fauit Cycie is aborted and a new 
Fault Cycte for the Trouble Fault (Fault Number 31) is initiatede In the Fault 
Cycte for a Trouble Fault, the Processor does not safe-store the Control! Unit 


® 


Data. Therefore, it may be possible to recover the conditions for the original 
Fault by use of the Store Controi Unit (SCU) instruction. 


If either of the two instructions in the Fault Vector results in a transfer 
of control to an Effective Address generated in Absotute Mode, the Absolute Mode 


indicator is set ON for the transfer and remains ON thereafter until changed by 
erogram action. 
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If either of tne two instructions in fhe Fault Vector results in a transfer 
oft control to an Effective Address generated in Append Node (through the use. of 
bit 29 of the instruction word or by use of the itp or itp modifiers). the 
transfer is made in the Normal Mode and and the Processor reasains in Normal Mode 
thereafter. . 


If no transfer of control takes place, the Processor returns to the mode in 
effect at the time of fhe Fault and resumes normal sequential execution with the 
instruction tolloning the Fauiting instruction (CCOPPReIC) + ide 


Many of the Fault conditions are deliberately or inadvertently caused by 
the software and do not necessarily involve error conditions. The operating 
Supervisor determines the proper action for each Fault condition by analyzing 
the machine conditions at the time of the Fault. Therefore, it is necessary 
that tne first instruction in each of the Fault Vectors be the Store Control 
Unit (SCU) instruction and fhe second be a transfer to a routine to analyze the 
machine conditions. If a Fault condition is to be intentionally ignored, the 
Fault Vector for that condition should contain an SCU/RCU pair referencing a 
unique Y-block8 S8y use of this pairs the machine conditions for the ignored 
Fault condition may be recovered if the ignored Fault causes a Trouble Fault. 


EAULT PRICRITY 


The WMultics Processor has provision for 32 Faults of which 27 are 
implementede The Faults are classified into seven Fauit Priority Groups that 
roughty correspond to the severity of the Faults. Fauit Priority Groups are 
defined so that Fault recognition precedence may be estabtisrxed when two or more 
Faults exist concurrentliye Overlap and asynchronous functions in the Processor 
atlow the simultaneous occurrence of Fauits. Group i has the highest priority 
and Group 7 has the ltloweste In Groups 1 through 6, onty one Fault within each 
Group is allowed to be active at any one time. The first Fasilt within a Group 
occuring through fhe normal program sequence is the one serviced. 


In Group 7 Faults are saved by the hardware for eventual recognition. In 
the case of simultaneous Fauitts witnin group 7, Shutdown has the highest 
priority, Timer Runout is next, and Connect has the towest priority. 


Tnere is a single exception to the handling of Faults in Priority Group 
ordere If an operand fetch generates a Parity Fault and the use of the operand 
in “ctosing out” instruction execution generates an Overfiow Fault or a Divide 
Check Fault, these Faults are considered simu!taneous but the Parity Fault takes 
precedence. 
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Table 7-1. List of Faults 


OCTAL DECIMAL 


NUMBER NUMBER MNEMONIC NAME PRIORITY 2ROUP 
0 0 sdf Shutdown 27 7 
2 1 str Store 10 & 
2 2 mre Master Mode Entry 1 11 5 
3 3 fi Fault Tag i 17 5 
& & tro Timer Runout 26 7 
5 5 cmd Command -@9 & 
6 6 dri Derail. 15 5 
7 7 luf Lockup 5 & 

10 8 con Connect 25 7 
11 9 par . Parity 8 & 
12 10 ipr Iltegal Procedure 15 5 
13 11. onc Op Not Complete 4 2 
14 12 suf Startup i 1 
15 13 of! Overf tow 7 3 
16 14% div Divide Check 5 3 
17 15 ext Execute 2 1 
20 16 ato Directed Fauit 9 20 6 
21 17 df1 Directed Fault 1 21 6 
22 18 at2 Directed Fault 2 22 6 
23 19 dt3 Directed Fault 3 23 6 
24 20 acv Access Violation 24 6 
25 21 mne2 Master Mode Entry 2 12 5 
26 22 mnes Master Mode Entry 3 13 5 
27 23 mane4 Master Mode Entry & 14 5 
30 24 f2 Fautt Tag 2 18 5 
31 25 3 Fault Tag 3 193 5 
32° 26 Unass igned 

33 27 Unassigned 

3u 28 Unassigned 

35 293 Unassigned 

36 30 Unass igned 

37 31 trb Trouble 3 2 

EAULT RECOGNITION 


For the discussion followings the term “function” is defined as a ma jor 
Processor functional cycle. Examples are? APPEND CYCLE», EA CYCLE, Instruction 
Fetch Cycle, Operand Store Cycle, Divide Execution Cycle. 


Faults in Groups 1 and 2 cause the Processor to aport alt! functions 
immediatety by initializing itself and enter a Fault Cycle. 


Faults in Group 3 cause the Processor to “close out™ current = functions 
without taking any irrevocable action (such as setting PTW.eJ in an APPEND CYCLE 


e 


or modifying an Indirect Word in an EA CYCLE), then to discard any fending 
functions (such as an APPEND CYCLE needed during an EA CYCLE)», and to enter a 
Fault Cycle. 


Faults in Group 4 cause the Processor to suspend overlapped oderation, 
complete current and pending functions for the current irstructions and then 
enter a Fault Cyclee 
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Faults in groups 5 or 6 are normally detected during Address Preparation 
and Instruction Decode. These Faults cause the Processor to suspend overlapped 
operation, comptete the current and pending instructions,» and to enter a Fault 
Cycte. If a Fautt in a higher Priority Group is generated by the execution of 
the current or pending instructions, tnat higner opriority Fault wilt take 
precedence and the Group 5 or 6 Fault will be ftoste If a Group 5S or 6& Fault is 
detected during execufion of the current instruction, (for example, an Access 
Violation, Out of Segment Bounds Faust during certain interruptabie EIS 
instructions), the instruction is considered “complete” upon detection of the 
Faulte 


Faults in Group 7 are held and processed (with Program Interrupts) at the 
comptetion of the current instruction paire Group 7 Faulfs are inibitable by 
use of bit 28 of the Instruction Word. 


Faults in Groups 3 through 6 must wait for the System Controtier § to 
acknowledge the fast access request before entering the Fault Cycie. 


EAULT DESCRIPTIONS 
Group 1 Faults 
Startup 
> DC POWER has been turned one When the POWER ON putfton is depressed, 
the Processor is first initialized and then the Startup Fault is 
recognized. 
Execute 


ie The EXECUTE pushbutton on the Processor maintenance panel has 
been pressed. 


2e An external gate signal has been substituted the EXECUTE 
pushbutton. for EXECUTE pushbutton. 


The selection between the above conditions is made by settings of 
verious switches on tne Processor Maintenance panel. 


Group 2 Faults 


Op Not Corpiete 


Any of the following will cause an Op Not Complete Faults 


1. The Processor has addressed a System Controftler to which it is 
not atfachede 


Ze The addressed System Controtier faifted t5 acknowledge the 
Processor. 
3e The Processor has not generated a main store access request or a 


direct operand within 1 to 2 milliseconds and iS not in the DIS 
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state. 


he A Processor port received a data strobe without a preceding 
acknowledgement from the System Controiler that if nas received 
tne access request. 


Se A Processor port received a data strobe before the data 
previousty sent to if was unloaded. 


Trouble 


Tne Trouble Fault is defined as the occurrence of a Fault during the 
fetch or execution of a Fault Vector or Interrupt Vector. Such Faults 
may be hardware generated (for examples Op Not Comoiete or Parity). or 
operating system: generated (for example, the page containing the 
effective address of an instruction is missing). 


Group 3 Fauits 


Over fliow 


An arithmetic overflow, exponent overflow, or exosonent underflow has 
been generatede The -generation of this Fault is inhibited with the 
Overflow Mask indicator set ON. Subsequent resetting of tne Overfion 
Mask indicator to OFF does not generate this Fault from previously set 
Overflow indicatorse The Overfiow Fault Mask stat2 does not affect 
the setting, testing or storing of indicatorse [he determinatior of 

a the specific overflow condition is by indicator testing by the control 
programe 


Divide Check 


A Divide Cneck Fault occurs when the actual division cannot be carried 
out for one of fhe reasons specitied with individual divide 
instructions. 


Group & Faults 


Store 


The Processor attempted to select a disabled post, an out-of-bounds 
address was generated in the BAR Mode or Absolufe 4ode, or an attempt 
was made to access a sfore unit that was not readye 


Command 


ie The Processor attempted to toad or read the Interrupt H4ask 
Register in a System Controtter in whicra it did not have an 
Interrupt Mask assigned. 


2e The Processor issued an XEC command to a System Controltier in 
which if did not have an Interrupt Mask assigned. 


3e Tne Processor issued a Connect to a System Controller port that 
is masked OFF. 
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Lockup 


Parity 


he The selected System Controlttier is in TEST mode and a condition 
adetermined by certain System Controller Maintenace panei switches 
has been trapped. 


Se An attempt was made to load a Pointer Register witn Packed 
Pointer data in which the BITNO field value was greater than 60 
octale: 


The program is in a code sequence which has inhibited sampling for an 
external interrupt (whether present or not) or Group 7 Fault for 
longer tnan the prescribed time. In Absolute Mode or Privileged Mode 
the lockup time is 32 milliseconds. In Normal Mode or 8AR Mode the 
lockup time is specified by the setting of the Lockup Timer in the 
Cache Mode Register. The Lock Timer is program settable to 2,5 hy 8, 
or 16 milli secondse : 


While in Absolute Mode or Privileged Mode the Lockup Fauit is 
Signalled at the end of the time limit set in the Lockup Timer but is 
not recognized until tne 32 mittisecond timit. If the Processor 
returns to Normal Mode or BAR Mode after the Fautt has been signattied 
but before tne 32 millisecond timit, the Fault is recognized before 
any instruction in the new mode is executed. 


ie The selected System Controller has returned = an Iilegal Action 
signat with an Titlegal Action Code for one of the various main 
store parity error conditions. 


2s A Cache data parity error has occurred either for read, writes or 
block load. Cache status bits for the condition have been set in 
the Cache Mode Register. 


3e The Processor has detected. a parity error in the System 
Controtier interface port while eitner generating outgoing parity 
or verifying incoming parity. 


Group 5 Faylts 


Master Mode Entries i-4 


The corresponding Master Mode Entry instruction has been decoded. 


Fault Tags i-3 


Derail 


The corresponding Indirect Then Tatiy variation designator has been 


@ 


detected during Address Preparation. 


The Derail instruction has been decoded. 


Iti tegai Procedure 
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Grovo 6 Faults 


1. 


26 


3e 


he 


Se 


An illegat operation code has been decoded or an lilfegal. 


instruction sequence has been encountered. 


An illegal modifier or modifier sequence nas been encountered 


during Address Preparatione 


An illegal address has been given in an instruction that the 
ADDRESS field for register selection. 


An attempt was made to execute a privileged iastruction in Normal 
Mode or BAR Modeee 


An ilflegat digit was encountered in a Decimal Numeric operand. 


The conditions for the Fault will be set in the Fasit Registers, Word 1 
of the Control Unit Data, or in both. 


Directed Faults 0-3 


A 


faulted Segment Descriptor Word (SOW) or Page Tabie Word (PTW) with 


the corresponding Directed Fault numoer has been fetched by the 
Appending Unite 


Access Violation 


e 


Appending Unit has detected one of the severai access violations 


The 
below. Word 1 of the Controt Unit Data contains status bits for the 
condition. 
? ie Not in read bracket {ACV 3=0RB) 
Ze Not in write pracket (ACV5=0WB) 
Ze Not in execute bracket (ACV1=0E8B) 
be No read permission (ACV4=R-OFF) 
Se No write permission (ACV6=W-OFF) 
Be No execute permission (ACV2=E-OFF) 
Te Invalid ring crossing (ACV12=CRT) 
6. Call timiter fault (ACV7=NO GA) 
9e Outward cal? (ACV3=OCALL) 
10. Bad outward cali (ACVi0=80C) 
11. Inward return (ACV11=INRET) 
12. Ring alarm (ACV13=RALR) 
13. Associative Memory error 
14. Out of segment bounds 
15. Ifiegal ring order (ACVO=IRO) 
166 Out of call brackets (ACV8=0CB) 
Group 7 Faults 
Shutdown 
An external power shutdown condition has been detected. OC POWER 


shutdown will occur in approximately one millisecoird.e 
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Timer Runout 


The Timer Register nas decremented to or through tre value zeroe If 
the Processor is in Privileged Mode or Avosolute Yode, recognition of 
this Fault is delayed until a return to Normal Mode or BAR Mode. 
Counting in the Timer Register continues. 


Connect 


A connect = signal ($CON strobe) thas been received froma Systen 
Controtter. This event is to be distinguished fron a CIOC (connect) 
instruction encountered in the program sequence. 


PROGRAM INTERRUPTS AND EXTERNAL FAULTS 


Each System Controiler contains 32 Execute Interrupt Cells that are used 
for communication among fhe active system modules (Processors, I/0 Multiplexers, 
etcede The Execute Interrupt Celis are organized in a numbered priority chain. 
Any active system module connected to a System Controller port may request the 
setting of an Execute Interrupt Celi witn the SxXC command. 


When one or more Execute Interrupt Cells in a System Controfler is set, fhe 
System Controlter activates the Execute [Interrupt Present (XIP) line to all 
System Controtiler ports naving an Execute Interrupt Mask assigned in which one 
or more of the Execute [Interrupt Celis that are set is unmasked. Execute 
Interrupt Masks are assigned only to Processors. Each Execute Interrupt Celi 
has _a unique Interrupt Vector tocated at an Absolute Address equal to twice the 
cell number. 


Execute Interrupt Samoling 


The Processor always fetches instructions in pairse At an appropriate 
point (as eariy as possible) in the execution of a pair of instructions, the 
next sequential instruction pair is fetcned and held in a special instruction 
buffer register. Tne exact point depends on instruction sequence and other 
conditionse 


If the Interrupt Inhibit Bit (bit 28) is not set in the current instruction 
word at the point of next sequential) instruction address preparation, the 
Processor samples the Group 7 Faults. If any of the Grous 7 Faults is found, 
the next sequential instruction pair is not fetched and an inrternal flag is set 
refiecting the presence of the Fault. The Processor next samples the Execute 
Interrupt Present tines from aj! eight Processor ports and toads a register wifh 
bits coresponding to the states of the lines. If any bit in the register is set 
ON, the next sequential instruction pair is net fetched and an internal flag is 


set reflecting the presence of the bit(s) in the register. 


NOTES: If the instruction pair address is being prepared as the result of a 
transter of control condition or if the current instruction is Execute 
(XEC), Execute Doubte (XED), Repeat (RPT), Repeat Double (RPO), or 
Repeat Link (RPL), the Group 7 Faults and Execute Interrupt Present 
tines are not sampled. 
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At the completion of the current instruction gpair Clit no transter of 
control! has occurred) and tne Processor is ready for the next instruction pair 
and the Group 7 Fault fiag is set, the Processor will enter a Fault Cycle for 
the highest priority Group 7 Fault present. 


At the compietion of the current instruction pair (if no transfer of 
control has occurred) and the Processor is ready for the next instruction pair 
and fhe Execute Interrupt Present flag is set, the Processor will enter an 
Execute Interrupt Cycle. 


Execute Interrupt Cycie Sequence 


In the Execute Interrupt Cycte, fhe Processor safe-stores the Control Unit 
Data (See Section IV, Program Accessible Registers) into program-invisible 
holding registers in preparation for a Store Control Unit (SCU) instruction, 
then enters Temporary Absolute Mode. It tnen issues ay XEC command to the 
System Controlter on the highest priority port for which there is a bit set in 
the Execute Interupt Present register. 


The selected System Controifer responds by clearing its highest priority 


Execute Interrupt Cell and returning the Interrupt Vector address for that ceil 
to the Processore : 


NOTES If there is no Execute Interrupt Celi set in the selected System 
- Controller (Cimpiying that ali have been cleared in response to XEC 
commands from other Processors), the System Controtiter will return the 

address value i which is not a valid Interrupt Vector addresse The 


Processor senses this vatue, aborts the Execute Interrupt Cycle, and 
returns to normal sequential instruction processing. 


és 

The Interrupt Vector address returned and the Operation Cod2 for thre Execute 
Doub!te (XED) instruction are forced into the Instruction Register and executed 
as an instruction. Note that the execution of the instruction is not done in a 
normal Execute Cycte but in the Execute Interrupt Cycle with the Processor in 
Temporary Absolute Mode. 


If the attempt to fetch and execute the instruction pair at the Interrupt 
Vector results in a Fault, the Execute Inerrupt Cycfe is aborted and a Fault 
Cycle for the Trouble Fault (Fault Number 31) is initiated. In the Fault Cycle 
for a Trouble Fault, the Processor does not safe-store the Control Unit Data. 
Therefore, it may be possible to recover the conditions for the Execute 
Interrupt by use of the Store Control! Unit (SCU) instruction. 


If either of the two instructions in the interrupt Vector results in a 
transfer of control to an Effective Address generated in Absolute Mode, the 


Absolute Mode indicator is set ON for the transfer and remains ON thereafter 
until changed by program actione 


If either of the two instructions in the Interrupt Veztor resuits in a 
transfer of controi to an Effective Address generated in Append Mode (through 
the use of bit 29 of tne instruction word or by use of the itp or itp 
modifiers), the transfer is made in the Normal Mode and and the Processor 
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remains in Normal Mode thereafter. 


If no transfer of control takes place, the Processor returns to the mode in 
effect at the time of tne Fault and resumes normal sequential execution with the 
instruction following the interrupted instruction (C(PPR.IC) # 1). 


NOTE? Due the time required for many of the EIS data movement instructions, 
additioral Group 7 Fault and Execute Interrupt present sampling is 
done during these instructionse After the initial toad of the Decimal 
Unit input data buffer, Group 7 Faults and Execute Interrupt Present 
are sampling for each input operand address preparation. The 
instruction in execution is interrupted before the operand is fetched 
and flags are set into Control Unit Data to signal the restart of the 
instruction. 
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SECTION VIII 


HARDWARE RING IMPLEMENTATION 


RING PROTECTION PHILOSOPHY 


Tne basic concept in the ring protection philosophy is the existence of a 
set of hierarchical levels of protection. A graphic representation of the 
concept may be given by a set of N consecutive circieSs numbered 041525 eeoy Nol 
from the inside oute The space inciuded in circle 0 is called ring 0, the spéce 
inctuded between circle i-1 and i is called ring is Any segrent in the systen 
is placed in one and only one ringe The closer a segment to the center, the 
greater its protection and access privileges. 


When a process is executing a procedure segment placed in ring Ry, the 
process is said to be in ring R or atso it is said that the current ring of the 
process is ring Re A process in ring R potentially has access to any segment 
tocated in ring R and in outer rings. The word “potentially” is used because 
the final decision is subject to what access rights (read,write,execute) the 
user has for the given segmente On the other hand, this sane process in ring R 
has no access to any segment located in inner rings, except to special 
procedures called “gates.” Gates are procedures residing in a given ring and 
intended to provide controlled access to this ringe A process that is in ring R 
can enter an inner ring r only by calling one of the gate priacedures associated 
with fhis inner ring re Gates must be carefully coded and must not trust any 
data that has been manufactured or modified by the caller in a tess privileged 
ringe In particular, they must vatidate ail arguments passed to them by the 


calier so as not to compromise the protection of any segment residing in the 
inner fringe , 


Caltts from an outer ring to an inner ring are referred to as “inward 
calls.” They are associated with an increase in the access capability of the 
process and are controlled by gates. On the other hands calis from an inner 
ring to an oufer ring, referred to as “outward calis“ are associated with a 


decrease in the access capanility of the process and do not need to be 
controlled. 


RING PROTECTION IN MULTICS 


The ring protection designed for the Multics System uses the philosophy 


described above, but a few points have been altered in order to obtain more 
flexibility and better efficiency. . 
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First, the assignment of a segment to one and only one ring, although 
sufficient to implement the solution of the protection oroblem, may be very 
inconvenient for a class of procedure segments, such as the tibrary routines. 
Such procedures operate correctly in whatever ring the process is at the time 
they are called; they need no more access than the caller, and they might not 
perform correctiy with fess access than fhe caller. One solution could have 
been to have one copy of the library in each ringe Instead, the solution 
adopted by Multics was to reiax the condition that a segment can be assigned to 
only one ring and aliow a procedure segment to be assigned to a set of 
consecutive rings defined by two integers (ris r2)6 with ri <= r22 Such a 
procedure now, resides in rings ri to r2. If it is calied from ring R such that 
ri <= R <= r2,_ then it benaves as if it were in ring R,» and executes without 
changing the current ring of the process. If it Is catted from ring R such that 
R > r2s5 then it benaves tikes a gate associ ated with ring r2,_, accepting the call 
as an Inward Cail and decreasing the current ring of the process from R to r2. 
Upon return fo tne caller, fhe current ring iS restored to R, of course. Note 
that by allowing the multiple ring residency for a procedure segment, the 
current ring of a process is no Jonger defined by the procedure in execution; a 
new variable must be introduced to keep track of the valve of fhe current ring. 


Second, it was found desirable to be able to specify the maximum ring 
number from which a given gate was allowed to be cailfled. And a third integer r3 
was added to the pair of integers already associated with a segment. Any 
procedure segments now, is associated with three ring numoers (ri, r2,. 3) 
called its “ring brackets”, such that ri <= r2 <= r3-5 By convention, if 
r3 > r2, the procedure is a gate for ring r2, accessible fros rings no higher 
than r335 if r2 = r3, tne procedure is not a gate. 


Third, it was found useful to relax, also for data segrents, the condition 
that.they be assigned to only one ringe One would tike to b2 able to specify 
that a segment resides inring ri for “write” purposes but resides in a less 
privileged ring r2 for “read” purposese , 


Fourth, several difficulties were encountered in the implementation of 
outward calis and their associated returns. Because outward calls were not 
found essential for impiementing the Muitics system, they we~te simply declared 
iitegat, and as a resuift, a procedure with ring brackets (ris r2, r3) cannot be 
called from a ring R such that R < rie 


In summary, the operations that are potentially permitted to a process in 
ring R on a segment whose ring brackets are (ris r2, r3) are as follonss 


Write 3 if 0<= R «<= ri 
Read 3 if oO <= R <= r2 
Execute 3 if ri <= R «<= r2 (Execution in ring R) 
Inward call 2 if r2<R <= r3 (Execution in ring r2) 


Tne attempted operations are permitted if, in addition, fhe user nas the 
appropriate access rights (read, writes execute) on that segment. 


RING PROTECTION IN THE MULTICS PROCESSOR 


Tne Multics Processor offers hardware support for the implementation of fhe 
Muiltics ring protection. A particular effort was made to minimize the overhead 
associated with all authorized ering crossings, which the processor per forms 
without operating system intervention, and to minimize the overhead associated 
with the vatidation of arguments, for which fhe processor provides a valuable 
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assistance. 


The rumber of rings available in fne processor is eight, numbered from 0 to 
7e The current ring R of a process is recorded in a hardware register 
(PPR.PRR). 


The ring brackets (ris, r2, 73) of a Segment are recorded in the Segment 
Descriptor Word (SDW) used by the hardware to access the segnent. In addition, 
the SDW contains the number of gates (SOW.CL) existing in tne segment. The 
hardware assumes that ai! gates are Located from word 0 to word (CL-1) and does 
not accept an inward call to this segment if the word numoer specified in the 
cail is greater than (CL-1). The reason for this control is to prevent a 
malicious user from generating a cal! that would transfer control to any machine 
instruction of the gate procedure. (Such a call would defeat the purpose of the 
gate.) Tne SOW also contains fne access rights (reade write, execute) that the 
user has on that segmente If the same segment is used by several processes, 
There is an SOW describing the segment in tne Descristor Segment of each 
process. In al! SOWsS pointing to fhe sane segment, the valu2s of ris r2_, r3 and 
CL are identical since they are user independent. The value of the access 
rights (read, write, execute) are not necessarily the same because they are user 
dependent. 


In order to provide assistance in argument validation, any pointer, being 
stored into an ITS Pointer Pair or loaded into a Pointer Register, also contains 
a ring number. Although the hardware does not prevent a process from writing 
any ring number in an ITS Pointer Pair, it ensures that, if (ri, r2, r3) are the 
ring obrackets of the segment in which tne ITS Pointer Pair is tocated, tne ring 
number field of this ITS Pointer Pair can be set or modified only from ring R 
such” that R <= ri. As for the ring number recorded in a Pointer Register, the 
hardware ensures that a process in ring R can set it to a value equai to or 
greater than R, but never smailer. 


During the execution of a machine instruction, the nardware may examine 
several SDWs, ITS Pointer Pairs and Pointer Registers. For any given = such 
examination, the hardware records the maximum of the current ring, the ri vaiue 
found in an SOW, the ring number found in an ITS Pointer Pair, or the ring 
number found in an Pointer Register. This maximum, called the Temporary Ring 


Number, is kept in a hardware register (TPReTRR) that is updated each such 
exanminatione 


The reason for having this Temporary Ring Number availabie at any point of 
@ machine instruction is because it represents the highest ring (teast 
privileged) that might have created or modified any information that ted the 
hardware to the target segment it is about to referencee Although tne current 
ring is Re the hardware uses the most pessimistic approach and pretends the 
current ring is C(ITPR.TRR), which is: always equal to or greater than Re Thus 
the hardware uses C(TPR.TRR) instead of R in all comparisions with the ring 


brackets involved in the enforcement of the ring protection rules given in the 
previous paragraph. 


Tne use of CITPR.TRR) by the hardware allows the gate procedures to rely on 
the hardware to perform the validation of ail addresses passed to the gate by 
the tess privileged rings. The general rute enforced here by the hardware 
regarding argument vatidation can be stated as follows: whenever an inner ring 
performs an operation on a given segment and references that segment through 
pointers manufactured by an outer rings the operation is considered valid only 
if it coulo have been performed while in the outer ring. 
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APPENDING UNIT OPERATION WITH RING MECHANISM 


The complete flowchart for Effective Segment Number generations inctuding 
the hardware ring mechanism, is shown in Figure 8-1 below. See the description 
of the Access Violation Fault in Section VII of tnis document for tne meanings 
of the coded fauits. The current instruction is in the Instruction Working 
Buffer (IWB). 
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(Figure 8—1a) 
Figure 8-1 Compfete Appending Unit Operation Flowchart 
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(Figure 8-ib) 


Figure 8-ia Complete Appending Unit Operation Flowchart (con*t.) 
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(Figure 8-11) 


Figure 8-1ib Complete Appending Unit Operation Flowchart (con*t.} 
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Figure 8-1} Complete Appending Unit Operation Flowchart (con*te) 
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SECTION IX 


CACHE STORE OPERATION 


The Multics processor may be fitted with an optional Cache Store. fhe operation of this Cache Store is 
described in this section. 


PHILOSOPHY OF CACHE STORE 


Tne Cache Store is a high speed buffer store 
located within the Processor tnat is intended to hold operan3’s and/or instructions 
in expectation of their immediate usee 
This concept is different from that of holding a singte operand (such as the Oivisor for a Dividge 
instruction) in the Processor during execution of a singte Instruct ican. 
A Cache Store depends on the Locality of Reference Principle. 
Locality of Reference involves the caiculation of the probabilitys 
for any value of d, that the next instruction or operand reterence after a ne tersncs 
to the instruction or operand at ftocation A is to tocation Atd. 


The catculation of probabilities for 3 set of values of gd requires the statistical analysis 

- of targe masses of real and simulated instructlon sequences and data organizations. 

If if can be shown that the average expected data/instructios access time reduction lover the range i to a 
is statistlcatly signiticant in comparision to the tixed Main Store access time, ther the 

implementatlon of a Cacne Store with block size @ Kitt contribute a stanbiscent improvenent . 

in performance. 


The results of such studies for tne Multics Processor with a Cache Store as described beton 
show a hit probability ranging betreen 80% and 95% tdepending on instruction mix and data 
organization) and a peformance improvement ranging up to 30%. 


CACHE STORE ORGANIZALION 


The Cache Store is impiemented as 2048 36-bit words of high speed register storage with 
associated contro! and content directory circuitry within 
the Processor. It is fully integrated with the normal data sath circuitry and is virtualfy invisible 


to' all programming sequences. 

Parity is generated, stored, and checked just as in Main Sto*ee 

The total storage is divided into 512 blocks of & words. each and the blocks are orgarized inta 
128 “Columns” of four “Levels” each 
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Main Store is mapped into the Cache Store as described »efow and shown in Figure 9-1. 


a Main Store is divided into N blocks of & words each arranged in ascending srder and 
numbered witn the vatue of Final Address bits 15 tnrough 21 of the first word of the bloc 


w Ati Main Store blocks with numbers 9 modulo 128 area grouped associatively with Cache Store 
Column pe 


m Each Cache Store Column may hold any four bfocks of the associated set of “ain Store blocks. 


a Each Cache Store column has associated with it a four entry directory fone entry for each Le\ 
and a two bit “round robin" counter. 
Parity is generated, stored, and checked on each directory éntrye 


w A Cache Directory entry consists of a fifteen bit ADORESS register, a pre-set, two bit 
TAG or Level Number register and a level Full flag bit. 


a When a Main Store biock is ftoaded into a Cache Sto*e block at some Level in the 
associated Column, the Oirectory ADORESS register for that Column and 
Level is loaded with the Final ADdress bits 0 through 14. 
(Level selé@ction is discussed in Cache Store Contro! following.) 
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Cache Store Addressing | 


For a read operation, the 24 bit Final Address prepared by the Appending Unit is presented 
simuttaneousty to the Cache Control and te the Main Store po«ft setection circuitry. 
While port sefection is being accomplished, the Cache Store is accessed as follows. 


a Final Address bits £5 through 21 are used to select a Cache Store Cofumn. 


a Final Address bits 0 through 1% are matched assoclatively against the tour Directory AODRESS 
registers for the selected Cotumn. 


» It a match occurs for a Level whose Full tiag is ON, a nit is silgnalted, tne Main Store reference 
cycte is cancelled, and the TAG register is read out. 


a The TAG value and Final Address bits 22 and 23 are used to select the Level and Word in the “selected 
Cotumn and the Cache Store data is read out into tne data circultry. 


@e If no nit is signalted, the Main Sfore reference cycle proceeds and a Cache Store block toad 
cycle is initiated (See Cache Store Control! below). 


For awrite operation, the 2% bit Final Address prepared by the Appeénding Unlt is presented 
simultaneously to the Cache Control! and to the Malin Store po-t selection circultry. 
White port selection is being accompiisneds, tne Cathe Store is accessed as follows, 


a Final Address bits 15 fhrough 21 are used to select a Cache Store Cotfunan. 


a final Address bits 0 through 14 are matched associatively against the four Directory ADORESS 
registers for the selected Colunn. 


» If a match oceurs for a Level whose Full tiag is ON, a hit is signatted and the TAG register is read out. 
a The TAG value and Final Address bits 22 and 23 are used to select the Levef and Word in the selected 
Cotumn, a Cache Store write cycle it enabled, and the data is written 
to the Main Store and tne Cache Store simultaneously. 


@ If no nit ts signatited, the Main Store reference cycle proceeds with no further Cacne Store action. 
CACHE STORE CONTROL 


Enabling and Disabling Cache Stoce 


The Cache Store Is controited by the state of several bits in the Cache 
Mode Register (See Section IV» Program Accessible Registers, for a discussion of the Cache Mode Register). 
The Cache Mode Register may be loaded with the Load Central Processor Register (LCPR) instruction. 
The Cache Store contro! bits are as follows 


bit Value Action 
18 9 The tower half of the Cache Store (Levels 0 and i) is disabled and 1s 
totally inactive. : . 
1 The lower halt of fhe Cache Store is active and enabled as per 


the state of bits 20 and 21, 
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19 8 The upper half of the Cache Store (Levels 2 and 3}3.is disabled and Is 
totality inactive. 
1 the upper half of the Cache Store ts active and enadied as oer 
the state of bits 20 and 21. 


20 8 The Cache Store at active) 16 not ssed for Operands and Indirect Wordse 
1 The Cache Store lif active) is used for Operands and Indirect Words. 

2u 0 The Cache Store (if active) is not sased for Instructions. 
1 The Cache Store (if active) ig used for Instructlons. 

23 0 The Cache-to-Register mode is not in effect (See “Dumping tre Cache Store” 

toflawing in this Sectiontds 
1 Tne Cacne-to-Register mode ig in effect. 
NOTE? The Cache Store option furnishes a switch panel maintenance aid that attacnes 


to the free edge of the Cache Store Contro!’ Logic Soard. 

The switch panel provides six switches for manual control of the Cache Sto~e. 

Four of the switches inhibit tne contro! functions of bits 18 through 21 of fhe Cache Mode Register 
and have the effect of torcing the corresponding ftunction fo be disabled. 

The fittn switch inhibits the “store-aside”™ feature wherein the Processor is permitted to 
proceed immediatety after the Cache Store write cycie on write operations aitnout waiting 
for a data acknowledgement from Main Store. 

(Tnere is no software control corresponding this Sanifch). 

The sixth switch torces the “enabled” condition on all Cache Store controls Mithout regard 
to the corrsponding Cache Mode Register contro! bif. = 
There is no switch corrsponding to the Cachne-to-Register contro! bit. 


Whife these switches are intended primarily tor Maintenance sessions, they have been 
found useful in testing the Cache Store during noraal operation ahd in perasitting 
operation of the Processor with the Cache Store in degraded or partiaity disabliéd mode. 


Cache Store Control in Seament Descriptor Words 


Certain data have characteristics such that they should never be foaded into the Cache Store. 
Primary examples of such data are hardware mailboxes for the I/0 Multiptexer, Bulk, Store Controllers, etce, 
-$tatus return words, and various dyhamic system data base segments such as the Systes Segment Table and 
shared Directory Seymentse 
In generals any data that is purposely modified by an agency exfernal to the Processor 
‘with the intent to convey intormation to the Processor should never be loaded into Cache Store. 


Blt 57 of the Segaent Descriptor Word is used to reflect this property of “encathability” for each segment 
{See Section Vs» Addressing -~ Segmentation and Pagings for a discussion of the Segmert Descriptor Word). 
If the bit ks set ON, data from the segnient may be loaded into the Cache Store; if the bit is OFF, they may not. 


The encachability property may be treated as permanent (eeges for nardware mailboxes) or dynamic ae 
leege, certain shared data bases) by the operating systems. The operating system sets bit 57 ON or OFF as 
appropriate tor the function to be pertormed on the segment. 


Loading the Cache Store 


The Cache Store is toaded with data implicitty whenever a Cache Store Block Load is signalled 
(See the discussion of read operations in “Cache Store Addressing” above in this section). 
There is no explicit method or instruction to load data into tne Cache Store. 
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When a Cache Store Block Load is signatied, the Level is Setected from tne vatuse of the 
Round Robin Counter f6r the setected Column, and the Cache Store Write tunctlon is erableds 
{The Round Robin Counter contains the number of the teast recently loadéd Levelt.) 

When the data arrives from Naln Store, it is written into the Cache Store and 
entered Into the data circuitry. The Processor proceeds with the execution of the 
instruction requiring the operand if appropriate. 


When the Cache Store Write ls complete, further Address Preparation is inhiblted, bit 22 of the 
Final Address is inverted, and a second Main Store access for fhe other half of the block iS tiadee. When the 
second halt data arrives trom Main Store, it is written into the Cache Store, 
Final Address bits 0. through 14 are foaded into the Directory ADDRESS Registers 
the Level Full flag is set ON, the Round Robin Counter is advanced by 1, and 
Address Preparation is permitted to proceed. : 


: If aif four Level Full flags for a Column are set ON, a Cofumn Full fiag is also set ON and 
remains ON until one or more Levels in the Column are cleared. : 


Clearing the Cache Store 


Cache Store can be cleared in two ways$ General Clear avd Selective Ciear. 
The clearing action is the same in both cases, namely, the Full ftiags of the 
selected Column(s) and/or Level(s) are sef OFF. 


GENERAL CLEAR 


The entire Cache Store Is cieared by setting aii Column and Level Full ffags to OFF in the fotlonwing 
situations’ 


ws Upper or flower Cache Stora or both becoming enabled by appropriate bits in the operand 
of a Load Centrai Process .r Register {LCPR}) Instrustion.or by action of tha Logic Board free edge switches 


a Execution of a Clear Associative Memory Segments (CAMS) instruction with. blt 15 of the address ftleld a 


SELECTIVE CLEAR 


The Cache Store is cleared selectively as follows: 


a If a@ Read-and-Clear operation (LOAC, SZNC, etc.) results in a nit on the Cache Store, the 
Cache Store olock hit is cleared. 


a Execution of a Clear Associative Memory Pages (CAM?) with address bif 15 set ON causes 
_Final Address bits 0 through 14% to be matched against all Cache Directory ADDRESS Registers. 
ALL Cache Store blocks hit are cleared. 


Dumoing the Cache Store 


finen the Cache-to-Register mode flag (bit 24 of the Cache Mode Register) is set ON, the Processor 
is ftorced to fetch the operands of ai! Double Precision Operations Unit Load operations from 
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the Cache Sfore. : ; 
Finat Address bits 0 through 1% are ignored, Final Addres¢ bits £5 through 21 
setect a Column, and Final ‘address bits 22 and 23 select a Levet.« 
Att other operations (eeges Instruction Fetches, Single Preciston Operands, etc.) are 
treated normally. 


WARNING? Note that fhe phrase “treated normally* as used here inctudes the case whe~a 
the Cache Store in enabled. [f the Cache Store is enabled, the “other” operations will 
cause normal Siock Loads and Cache Store Writes thus destroying the orginal. contents 
of the Cache Store. 


Ihe usec is warned that the Gach¢ Store should be disabled betore dumping is attemoteds 


An indexed program loop invotving the LOAQ and STAQ instructions with the Cache-to-Register mode bit set ON 
will serve to dump any or ail of tne Cacne Store. 


Notes If a Fault or Program Interrupt should occur during the execution 
of a Cache Store dumping loops, the Cache-to-Register mode bit would seriously inferfere with normal addres 
in the servicing of such Fauit or Interrupt. Hence, the Cache-to-Register mode bit is reset 


automaticaliy by any Fault or Program Interrupt. 
APPENDIX A 


OPERATION CODE MAP {BIT 27 = 0) 


000 003.002. 093 00% 95 06 007. pip 912 932 013 944 ons ~O16__047_— 
000 } IMME ToRe i IMME2 IMMES 1 IMME 3 INDP IPULSLIPULS2! 1CKOC 3 ‘ 
020 LADLXOLADLXLIADLXZ1AOL X3LAOLXGIADLXS! ADLX63 AOLX7 1 1 1LOQC 1ADL ILOAC fAJLA 1ADLG 1 ADL Aad 


O40 $ASKO IASXL $ASX2 fASK3 1ASK4 FASKS 1LASX6G TASX7 IADWPOTAIWPLIADHPZTADWP3IAOS fASA fASQ_  ISSCR I 
(060 JADXO LADMi 1A0X2 1ADKS 1ADK4 JADXS LADM6 JADK7 I LAdCA {AWCO JLREG f. TAUA TAD JADAG £ 
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100 
120 
140 
160 
200 
220 
240 
260 
300 
320 
340 
360 
400 
420 
40 
460 
500 
520 
540 
560 
600 
(626 

640 
660 
706 
720 
740 
760 


tCMPXODICMPXLICMPX2!CMPX3 ICMPX&$ CMPXSICMPX6!ICMPX72 iCHL «6 Sf i 3CMPA iCMPQ ICMPAQ! 
TSBLXOLSBLXLISBLX 21SBLX3 ISBLX4I SBLXS I SBLX6ISBLX 7! H { 3 H $S3LA $SBLQ ISBLAQI 
ISSXO §SSKL §SSX2 ISSK3 1SSX4& 1SSX5 1SSX6 ISSX7 JADWPSIADWPS!TADHPGSADWP7ESOBR ISSA &SSQ_ 3 i 
iS8X0 1SBX1_ 1S8X2_1SBX3_1SBX4 1SBX5 {SBX6 1S$8X7_ 1 _1SACA LSHCO ILPRI_{ __3S3A__3SBQ 1SBAG t 
TCNAXOICNAXLICNAX2ICNAX3 ICNAX4&S CNAXS 1S CNAXGICNAX73 1CMK {ABSA TEPAQ $SZNC ICNAA SCNAQ SCNAAQI 
$LDXO tLOXi ILOX2 tLOX3 {LOX ILDXS ILOX6 I{LDX7 ILBAR $RSW ILDBR $RMCM 8SZN ELIA ILDQ ILDAQ } 
{ORSXDIORSXLLORSX 21 ORSXILORSX4I ORSXS 1 ORSXGIORSX7ISPBPOISPRILISPBPZISPRIZISPRI 10%SA tORSQ ILSDP ! 


LORKXO {ORXE LORK2 LORKS JORKS LORXS LORXG LORK7 {TSPO LTSP1 1TSP2 iTSP3 2 f0RA_ 70RQ JORAQ Ft 
TCANXO!CANXLICANX25CANX3ICANX4! CANXS 1 CANX6!ICANX7 LEAWPOSEASPOSEAWP2ZSEASP2i iCANA 3CANQ 1CANAQ} 
HLCXO ILCXL YLCXZ ILOXZ ILCX4 ILCXS ILCXG ILCX7 1EAWP4SEASPSIEAMPGOIEASPO! | 3LCA «6ILCQ «6SLCAQ 1 


PANSXOLANSX13 ANSX 21 ANSXSIANSXGSANSXS 1 ANSXOTANSX7SEPPD tEPBPLIEPP2 TEPBP3ISTAC SANSA IANSQ ISTCD 1 
LANKO LANXL LANX2 LANXS _LANK4 LANXS LANXG LANX7 LEPP4 LEPBPSLEPPG JEPBP71 IANA i 


H IMPF OIMPY 1 ! $CMG ft t ~ §LdE 3 IRSECR ! 1ADE 3 H f 
i 1UFM 3 iDUFM } tFCMG 2 TAeENGIESIN FLD 3 {DFLD 3 {UFA 3 IDUFA 3 
ISXLO ISXL1 ISKL2 ISXL3 'SXL4 TOKE? {SXL6 ESXL7 {STZ ISMIC ISCPR i 1STT FST ISTE IOFST ¢ 
2 i___i____1ESIR_1F20 _1OFSTRIDFRO_i___iFAG 

$RPL I ! + BCD {iO0IV IDVF $ $ iFNEG 3 1FCMP 1 1OF CY 
iRPT 3 ; ; ‘FOI 3 tOFOI 3 INEE {CAMS INEGL ? tuFS i 1DUFS 3 
ISPRPOISPRPLISPRP2ZISPRP3ISPRPGISPRPSISPRPGOISPRP7ISBAR !STBA iSTBQ ISMCM ISTC1 ! i }SSDP 3 
a oe ON a ORO hn td ND a FEO a OP SBT 
iTZE 3TNZ INC FRO ITME TPL f {TTF $RTCO 3 ! tROU $TEO {T=U {DIS s$Tov 3 
tEAXG TEAXKL SEAX2 SEAXZ IEAXG FEAXS TEAXG TEAX7 IRET 3 H IRCCL ILOI fEAA FEAQ YLDOT 3 


TERSXOLERSXLSERSX 21 ERSXSIERSX4IERSXSIERSXOIERSX7IESPRIGISP BPS! SPRIGISPBP7ISTACQIERSA LERSQ ISCU 1 
JERXO JERXL LERX2 LERXS LERXG LER LERKG LERKT IESE ITsPo 1TSP6i1SP7—1bcPR iP2h 1ERA_ LER AGL 
3TSXO STSXL PTSX2 UTSX3 ITSK4& FISXS LTSX6 JTSX7 ITRA 1 iCALL61 TSS) «=6fXEC 6fXED 3 
SLXLO ILXL2 ELXLZ ILXLI ILXLS ILXLS PLXLO IELXL7 1 FARS $QRS TLRS | tALS =3QLS ILLS 1 
$STXO ESTXA USTX2 ISTXS ISTXS ISTXS ISTX6 ISTX7 ISTC2 ISTCA ISTCQ {SREG {STI {STA §STQ ISTAQ 
ALPRPDILPRPLILPRP2ILPRPSiLPRPGLLPRPSILPRPGILPRP7L DARL 1ORL GLRL IGTB JALR JQLR LR of 
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OPERATION CODE MAP (GIT 27 = 0) 


ooo 3 ee eee Bee Ae a = 3 ee : er eae i 
) ; ; 

020 IMVE 1. t= IMVNE PI 1 3 i : 3 at i 3 : ! 
40 1) 4 i ae: ’ 1 : 64 ! i : ne ee | i . H 
peo Cee Se Gee, | es a Cae a Rea eee a eee 

OO IMLR IMRL 3 i _1CMPC 3 i 1 i : i : i ’ of. 
420 !SCB %iSCOR } i -4ScM ISCHR b i | i : 1 : ! . : : 
140 3 ; : a re | : 1 i ISPTR 3 : H H 
160 : : Libera fp 
200 3 { 1AD20 18820 1 : -IMP2D 30V2D 2 a : ) i 
220 3 i 1AD3D 28830 1 1 1MP3D $O0V3D 1 ; 1LSOR : : - 
240 3 : : t : : i 1 SSPBPOISPRILISPBP2ISPRI3ISSOR ! ’ iLPTP 3! 
260 1 fe Dera e ieee A Te a : eacr ims oRmeEnS KrOORRM 
300 IMVN 38TD 3 1CMPN 3 iors 1 ! JEASPITEAWPLIEASPSIEAWPS It i i 1 1 
320 3 1 i : ’ i ! 1 TEASPSLEAWPSIEASP7IEAWP7 I : i tn t 
340 } - i : ' : ! H 1EPBPOLEPPL TEPBP2IEPP3 3 1 3 i i 
360 4 jg fy EPRPHLEPPS LEPSPGLEPP7 tf gtk 
400 1 i 1 j H 1 ’ 
420 ! ' a : t H 4 i 
&4O 3 i i 1SAREG! : ' ISPL 3 1 H ' 1 : : 1 : 
460 fog EL AREGS CX SRAOSEAC En! En SOON, SMPPNBAAENES (ERIS) SenmAO TN SoceONOEG DniCNAMO! (VANURORETS Wo 
500 !A9BD !A6BD tA&BD 1A80 3 i i fAHD 8. i i : : } i 1 ! 
520 1S9BD $S6BD $S4BD 1S8D 3 : i iswD ff CAMP 1} ! : i ! i 
540 $ARAQ JARAL IARAZ TARAS -IARAG TARAS IARAG TARAT 3 i : ’ 1 4 : tSPTP 3 
560 AAR LAARL TAAR2 TARRS 1 AAR —LAARS 14451 AAR? PAE 
600 {TRIN ITRIF 3 H ATMOZ STPNZ ITTN 3 H ! H 
620 | 363 } : tr 4 : to r H 4 4 : 
640 IARNO 1ARNL TARN2 1ARN3 YARNS TARNS TARNG TARN7 ISPBP4&!S>RISISPBPGISPRI7! } ’ : ’ 
ee 
720 3 ’ b-. 8 ' 1 1 v i t ro. 4 : :  T ! H 
740 ISARQ $SAR1 ISAR2 ISARS ISARG LSARS ISAR6 ISAR7 1 H 1 i 1SRA 1 H ’ ! 
760 


SLARO iLARi ILAR2 LLARS ILARG TLARS ILARG TLAR7Z 900g gg URAC Pd 
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APPENDIX B 
ALPHABETIC OPERATION CODE LIST 
This appendix presents a list of ai! Processor instruction operation codes sorted on mnemonic and 
giving the octal operation code vatue, the instruction name, and the functional category. 


The function category codes are as follows? 


FXD Fixed Point 

BOOL Boolean Operations 

FLTG - Floating Point 

PREG Pointer Register 

PRIV Privileged 

MISC Miscellaneous 

EIS Extended Instruction Set i 
. TXFR Transfer of Control 


Mremonic Code Category Name 


AGBD 50241) EIS Add 4-bit Character Displacement to AR 


A6BD 501¢4) EIS Add 6-bit Character Displacement to AR 
A9BD 500(1) EIS Add 9-bit Character Displacement to AR 
AARn 56n(1) EIS Alphanumeric Descriptor to ARo 

ABO 5031) Ets Add Bit Displacement to AR 

ABSA 212 (0) PRIV Absolute Address to A~Register 

AD2D 202 (1) EIS Add Using 2 Decimal Operands 

AD3D 222¢1) ETS Add Using 3 Oecima!l Operands 

ADA 075(0) FXO Add to A-Register 

ADAQ 077 (0) F XD Add to AQ-Register 

ADE 415 (0) FLTG Add to E-Register 

ADL 033¢0) FXD Add Low fo AQ-Register 

ADLA = 035(0) F XD Add Logical to A-Register 

ADLAQ 0370) FXO Add Logical to AQ-Register 

-ADLQ 036 (0) FXD Add Logical to Q-Register — 

ADLXn O2n¢0) FXD Add Logical to Index 

ADQ 076 (0) FXD Add to Q-Register 

ADWPO 050(0D) PREG. Add to Word Number Field of PRO 

ADWPi 651(0) PREG Add to Word Number Fietd of PRL 


ADWP2 9520) PREG Add to Word Nuwber Fleid of PR2 


ADWP3 053(0) PREG Add to Word Number Field of PR3 
ADWP% 150(0) PREG Add to Word Number Field of PR4 
ADWPS 151(0) PREG Add to Word Number Field of PRS 
AOWP6) 1520) PREG Add to Word Numbetf Field of PR6& 
AOWP7 1630) PREG Add to Word Number Field of PR7 
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DFCNG 
' DF CMP 


DF OTL 
OF DV 
DFLO 
DF MP 
OF RD 


BONED) 
7759) 
73509) 


375 (0). 
37700) 


37619) 
3550) 
35640) 
340 (0) 
36n (0) 


054(9) 


54n(1) 
771200) 
64n01) 
731 (9) 


05500) 
0569) 
O4n(0) 
0721¢0) 
07240) 


50711) 
5059) 
3014) 
7130) 
5321) 


§32(0) 
315 (0) 


3170) 


316 (0) 
30n(0) 


015(¢0) 
405 (6) 
2110) 
115(0) 
44700) 


066(1) 
106(1) 


3031) 


116(0) 
18n(0) 


215¢0) 
2170) 


2160) 


20nt0) 
060¢1) 


D60 C41) 
11110) 
477.00) 


42700) 
$17 (90) 


527(0) 
567(0) 
&33(0) 
463 (0) 
473005 
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‘FLTG 


FLTG 


FLTG 
FLTG 
FLTG 
FLTG 
FLTG 


Add to Index N 
fereqister Left Rotate. 
KeReacster Lett Snitt 
AND to A-Register. 

AND to AQ-Register 


AND to Q-Register 

AND to Storage from A-Register 
AND to Storage from Q-Register 
AND to Storage from Index o 
AND to Index g 


Add One to Storage 


_ ARp to Alphanumeric Descriptor 
h-Register Right Logical Shift 


ARg to Numeric Descriptor 
A-Register Right Shift 


Add Stored to A-Register 

Add Stored to Q-Register 
Add Stored to Iridex g 

Add With Carry to A-Register 
Add With Carry to Q-Register 


Add Word Disptiacement to AR 
BSinary-to-BCD ; 
Binary-to-Oecinat . 

Cati 

Clear Associative Memory Pages 


Clear Associative Memory Segments 
Comparative AND with A-Register 


Comparative AND with AQ-Register 
Comparative AND with Q-Register 
Comparative AND with Index po 
Connect x 

Compare Magnitude 

Compare Masked 


Compare with d-Register 


Compare with AQ-Register 


Compare Bit Strings . . 
Compare Alphanumeric Character Strings 
Compare Numeric 


Compare with Q-Register 


Compare with Index n 


Comparative NOT with A-Register 
Comparative NOT with AQ-Register 
Comparative NOT with Q-Register 
Comparative NOT with Index g 
Combine Bit Strings Left 


Combine Bit Strings Right 
Compare With Limits: . 
Double Precision Floating add 


Double Precision Floating Compare Magnitude 
Double Precision Floating Compare 


‘Double Precision Floating Divide Inverted 


Double Precision Floating Divide 
Double Precision Floating Load 
Double precision Floating Multiply 
Double Precision Floating Round 
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DFSB 
DFST 
DFSTR 
ors 
DIV 


DRL 
DT8 
DUFA 
OUFM 
DUFS 


Dve2d 
Ov3D 
OVF 
EAA 
EAQ 


EASPO 
EASP1 
EASP2 
EASP3 
EASP4& 


EASPS 
EASP6 


577(0) 
457€0) 
47200) 
6160) 
506(0) 


002¢0) 
3051) 
437(0) 
423(0) 
53700) 


2071) 
2271) 
507 (0) 
€35 (0) 
636(0) 


311(90) 
3101) 
3130) 
221) 
3310) 


330€1) 
33300) 


Double Precision Floating Subtract 
Double Precision Floating Store 

Double Precision Floating Store Rounded 
Detay Until Interrupt Signal 
Divide Integer 


Derait 


Decimal=-to-Binary Convert 


Double 
Double 
Double 


Divide 
Divide 
Oivide 
Effective 
Effective 


Et fective 
Effective 
Effective 
Effective 
Effective 


Effective 
Etfective 
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Address 
Address 


Address 
Address 
Address 
Address 
Address 


Address 
Ajqress 


Using 2 Decimal Operands 
Using 3 Decimal! operands 
Fraction 


A-Register 
Q-Register 


Segment 
Segment 
Segment 
Segment 
Segment 


Segment 
Segment 


Numbe> 
Numbe~ 
Numbe~* 
Number 
Numbe~ 


Numbe* 
Numbe> 


Field 
Fietd 
Field 
Fietd 
Field 


Field 
Fielt 


Precision Unnormalized Floating Add 
Precision Unnormalized Floating Multiply 
Precision Unnormatized Floating Subtract 


PRO 
PR1i 
PR2 
PR3 


PR4& 


PR5 
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